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FILM AND THIN FILM MAGNETIC HEAD USING THE 
MAGNETORES I ST I VE ELEMENT 
(57) [Abstract] 

[Object] A NiMn alloy conventionally used for an 
antif erromagnetic layer produces an appropriate exchange 
anisotropic magnetic field even when the interface with a 
pinned magnetic layer (for example, a NiFe alloy) is put 
into a coherent state. However, a X-Mn alloy comprising a 
platinum group element, which is an antif erromagnetic 
material superior to the NiMn alloy, has the problem of 
failing to obtain an exchange anisotropic magnetic field 
when the interface structure with the pinned magnetic layer 
is put into the coherent state. 

[Construction] An antif erromagnetic layer 4 is made of X- 
Mn (X is a platinum group element) wherein the composition 
ratio of X is appropriately controlled to bring the 
interface structure with a pinned magnetic layer into an 
incoherent state. Therefore , the crystal_ structure of„the _. 
antif erromagnetic layer 4 is transformed by heat treatment 
to obtain a large exchange anisotropic magnetic field, 
thereby improving reproducing characteristics as compared 
with a conventional element. FIG. 1 
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[ Claims ] 

[Claim 1] An exchange coupling film comprising an 
antif erromagnetic layer and a ferromagnetic layer, which are 
formed in contact with each other so that an exchange 
anisotropic magnetic field is produced at the interface 
between both layers by heat treatment to pin the 
magnetization direction of the ferromagnetic layer in a 
predetermined direction, wherein the antif erromagnetic layer 
is made of an antif erromagnetic material containing at least 
element X (X is at least one element of Pt, Pd, Ir, Rh, Ru 
and Os) and Mn, and the interface structure between the 
antif erromagnetic layer and the pinned magnetic layer is in 
an incoherent state. 

[Claim 2] An exchange coupling film according to Claim 1, 
wherein after heat treatment, at least a portion of the 
crystal structure of the antif erromagnetic layer comprises a 
Ll 0 -type face-centered tetragonal ordered lattice. 
[Claim 3 ] _An_ exchange coupling film- according to Claim l or 
2, wherein the antif erromagnetic layer and the ferromagnetic 
layer have different crystal orientations at the interface 
therebetween . 

[Claim 4] An exchange coupling film according to Claim 3, 
wherein a {111} plane of the ferromagnetic layer is 
preferentially oriented in parallel with the interface with 
the antif erromagnetic layer, while a {111] plane of the 
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antif erromagnetic layer is oriented with a lower degree than 
the ferromagnetic layer or not oriented. 

[Claim 5] An exchange coupling film according to Claim 3, 
wherein a {111} plane of the antif erromagnetic layer is 
preferentially oriented in parallel with the interface with 
the ferromagnetic layer, while a {111] plane of the 
ferromagnetic layer is oriented with a lower degree than the 
antif erromagnetic layer or not oriented. 

[Claim 6] An exchange coupling film according to Claim 3, 
wherein both the antif erromagnetic layer and the 
ferromagnetic layer have the low degrees of orientation of 
the {111} planes in parallel with the interface between both 
layers, or the {111} plates are not oriented, and crystal 
planes other than the {111} planes are preferentially 
oriented in parallel with the interface to provide the 
antif erromagnetic layer and the ferromagnetic layer with 
different crystal orientations . 

[Claim 7] An exchange _ coupling film -according- -to- any one of 
Claims 1 to 6, wherein the antif erromagnetic layer is made 
of a X-Mn alloy in which the element X is Pt . 
[Claim 8] An exchange coupling film according to Claim 7, 
wherein the antif erromagnetic layer is made of a PtMn alloy, 
and the ratio c/a of the lattice constant c to the lattice 
constant a of the antif erromagnetic layer after heat 
treatment is in the range of 0.93 to 0.99. 



[Claim 9] An exchange coupling film according to any one of 
Claims 1 to 6, wherein the antif erromagnetic layer is made 
of a X-Mn-X' alloy (wherein X is at least one element of Pt, 
Pd, Ir, Rh, Ru, and Os), and the X-Mn-X' alloy is an 
interstitial solid solution in which the element X' enters 
the interstices of a space lattice composed of the element X 
and Mn, or a substitutional solid solution in which the 
lattice points of a crystal lattice composed of the element 
X and Mn are partly replaced by the element X' . 
[Claim 10] An exchange coupling film according to Claim 9, 
wherein the element X of the X-Mn-X' alloy used for the 
antif erromagnetic layer is Pt . 

[Claim 11] An exchange coupling film according to Claim 9 
or 10, wherein the element X 1 is at least one element of Ne, 
Ar, Kr, Xe, Be, B, C, N, Mg, Al, Si, P, Ti , V, Cr, Fe, Co, 
Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, 
Re, Au, Pb, and the rare earth elements. 

[Claim 12] An exchange coupling film according to Claim 11, 
wherein the element X ' is at least one element of Ne , Ar , Kr , 
and Xe. 

[Claim 13] An exchange coupling film according to any one 
of Claims 9 to 12, wherein the composition ratio of X' is in 
the range of 0.2 to 10 at%. 

[Claim 14] An exchange coupling film according to Claim 13, 
wherein the composition ratio of X' is in the range of 0.5 



to 5 at%. 

[Claim 15] An exchange coupling film according to Claim 13 
or 14, wherein the composition ratio X : Mn of the element X 
to Mn is in the range of 4 : 6 to 6 : 4 . 

[Claim 16] An exchange coupling film according to any one 
of Claims 9 to 15, wherein the X-Mn-X' alloy used for the 
antif erromagnetic layer is formed by a sputtering process. 
[Claim 17] An exchange coupling film according to any one 
of Claims 1, 7 and 8, wherein the antif erromagnetic layer is 
made of the X-Mn alloy (wherein X is at least one element of 
Pt, Pd, Ir, Rh, Ru, and Os), and formed on the ferromagnetic 
layer, and the composition ratio of the element X of the X- 
Mn alloy is in the range of 47 to 57 at%. 

[Claim 18] An exchange coupling film according to any one 
of Claims 13 to 15, wherein the antif erromagnetic layer is 
made of the X-Mn-X' alloy (wherein X is at least on element 
of Pt, Pd, Ir, Rh, Ru, and Os , and X' is at least one 
element of Ne, _ Ar,_ Kr, Xe,_ _Re_,_ B,_C, N, Mg, Al,-Si,- P,Ti — V, 
Cr, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, Cd, Ir, Sn, 
Hf, Ta, W, Re, Au, Pb, and the rare earth elements), and 
formed on the ferromagnetic layer, and the composition ratio 
of elements X + X' of the X-Mn-X' alloy is in the range of 
47 to 57 at%. 

[Claim 19] An exchange coupling film according to Claim 17 
or 18, wherein the composition ratio of the element X of the 
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X-Mn alloy or elements X + X' of the X-Mn-X' alloy is in the 
range of 50 to 56 at%. 

[Claim 20] An exchange coupling film according to any one 
of Claims 1, 7 and 8, wherein the antif erromagnetic layer is 
made of the X-Mn alloy (wherein X is at least on element of 
Pt, Pd, Ir, Rh, Ru, and Os ) , and formed below the 
ferromagnetic layer, and the composition ratio of the 
element X of the X-Mn alloy is in the range of 44 to 57 at%. 
[Claim 21] An exchange coupling film according to any one 
of Claims 13 to 15, wherein the antif erromagnetic layer is 
made of the X-Mn-X' alloy (wherein X is at least one element 
of Pt, Pd, Ir, Rh, Ru, and Os , and X 1 is at least one 
element of Ne, Ar, Kr, Xe, Be, B, C, N, Mg, Al, Si, P, Ti, V, 
Cr, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, Cd, Ir, Sn, 
Hf, Ta, W, Re, Au, Pb, and the rare earth elements), and 
formed below the ferromagnetic layer, and the composition 
ratio of elements X + X' of the X-Mn-X' alloy is in the 

range of 44 to 57 at%. .__ _ _ _ _ 

[Claim 22] An exchange coupling film according to Claim 20 

or 21, wherein the composition ratio of the element X of the 

X-Mn alloy or elements X + X' of the X-Mn-X' alloy is more 

preferably in the range of 46 to 55 at%. 

[Claim 23] A magne tores is tive element comprising an 

antif erromagnetic layer, a pinned magnetic layer formed in 

contact with the antif erromagnetic layer so that the 



magnetization direction of is pinned by an exchange 
anisotropic magnetic field with the antif erromagnetic layer, 
a free magnetic layer formed on the pinned magnetic layer 
with a nonmagnetic conductive layer provided therebetween, a 
bias layer for orienting the magnetization direction of the 
free magnetic layer in the direction crossing the 
magnetization direction of the pinned magnetic layer, and a 
conductive layer for supplying a sensing current to the 
pinned magnetic layer, the nonmagnetic conductive layer and 
the free magnetic layer, wherein the antif erromagnetic layer 
and the pinned magnetic layer formed in contact with the 
antif erromagnetic layer comprise an exchange coupling film 
according to any one of Claims 1 to 22. 

[Claim 24] A magnetoresistive element according to Claim 23, 
wherein antif erromagnetic layers are formed on or below the 
free magnetic layer with a space therebetween corresponding 
to a track width Tw, and the antif erromagnetic layers and 
the free magnetic _layer_comprise an exchange coupling film 
according to any one of Claims 1 to 22. 
[Claim 25] A magnetoresistive element comprising 
nonmagnetic conductive layers laminated on and below a free 
magnetic layer, pinned magnetic layers located on one of the 
nonmagnetic conductive layers and below the other 
nonmagnetic conductive layer, antif erromagnetic layers 
located on one of the pinned magnetic layers and below the 
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other pinned magnetic layer so that the magnetization 
direction of each of the pinned magnetic layers is pinned in 
a predetermined direction by exchange anisotropic magnetic 
field, and a bias layer for orienting the magnetization 
direction of the free magnetic layer in the direction 
crossing the magnetization directions of the pinned magnetic 
layers, wherein the antif erromagnetic layers and the pinned 
magnetic layers respectively formed in contact with the 
antif erromagnetic layers comprise an exchange coupling film 
according to any one of Claims 1 to 22. 
[Claim 26] A magnetoresistive element comprising a 
magnetoresistive layer and a soft magnetic layer which are 
laminated with a nonmagnetic layer provided therebetween, 
antif erromagnetic layers formed on or below the 
magnetoresistive layer with space therebetween corresponding 
to a track width Tw, wherein the antif erromagnetic layers 
and the magnetoresistive layer comprise an exchange coupling 

film according~to any one~of Claims 1 to 22 . 

[Claim 27] A thin film magnetic head comprising shield 
layers formed on and below a magnetoresistive element 
according to any one of Claims 23 to 26 with gap layers 
provided therebetween . 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention 
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relates to an exchange coupling film comprising an 

antif erromagnetic layer and a ferromagnetic layer so that 

the magnetization direction of the ferromagnetic layer is 

pinned in a predetermined direction by an exchange 

anisotropic magnetic field produced at the interface between 

the antif erromagnetic layer and the ferromagnetic layer. 

Particularly, the present invention relates to an exchange 

coupling film which produces a large anisotropic magnetic 

field when the antif erromagnetic layer is made of an 

antif erromagnetic material containing element X (Pt, Pd, or 

the like) and Mn, and a magnetoresistive element (a spin 

valve thin film element or an AMR element) using the 

exchange coupling film. 

[0002] 

[Description of the Related Arts] A spin valve thin film 
element is a GMR (giant magnetoresistive) element employing 
a giant magnetoresistive effect, for detecting a recording 
—magnetic- field from a recording medium such" as a" hard Hiskr 
or the like. The spin valve thin film element has excellent 
properties that it is a GMR element having a relatively 
simple structure, and the resistance changes with a weak 
magnetic field. 

[0003] The simplest structure of the spin valve thin film 
element comprises an antif erromagnetic layer, a pinned 
magnetic layer, a nonmagnetic conductive layer and a free 
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magnetic layer. The antif erromagnetic layer and the pinned 
magnetic layer are formed in contact with each other so that 
the pinned magnetic layer is put into a single domain state, 
and the magnetization direction thereof is pinned in a 
predetermined direction by an exchange anisotropic magnetic 
field produced at the interface between the 
antif erromagnetic layer and the pinned magnetic layer. 
Magnetization of the free magnetic layer is oriented in the 
direction crossing the magnetization direction of the pinned 
magnetic layer by bias layers formed on both sides thereof. 
[0004] The antif erromagnetic layer generally comprises a 
Fe-Mn (iron-manganese) alloy film or a Ni-Mn (nickel- 
manganese) alloy film, each of the pinned magnetic layer and 
the free magnetic layer comprises a Ni-Fe (nickel-iron) 
alloy film, the nonmagnetic conductive layer 3 comprises a 
Cu (copper) film, and the bias layers comprise a Co-Pt 
(cobalt-platinum) alloy film. 

[0005] In the spin vale _ thin film-element , when the 

magnetization direction of the free magnetic layer is 
changed by a leakage magnetic field from a recording medium 
such as a hard disk or the like, the electric resistance 
changes on the basis of the relation to the pinned 
magnetization direction of the pinned magnetic layer, and 
the voltage changes based on the change in the electric 
resistance value to detect the leakage magnetic field from 
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the recording medium. 

[0006] As described above, the antif erromagnetic layer 
comprises a Fe-Mn alloy film or a Ni-Mn alloy film. However, 
the Fe-Mn alloy film has low corrosion resistance, a low 
exchange anisotropic magnetic field, and a low blocking 
temperature of about 150° C. Therefore, the low blocking 
temperature causes a problem in which the exchange 
anisotropic magnetic field disappears due to a temperature 
rise of the element during the process for manufacturing a 
head and during the operation of the head. On the other 
hand, the Ni-Mn alloy film has a relatively large exchange 
anisotropic magnetic field and a high blocking temperature 
of about 300° C, as compared with the Fe-Mn alloy film. 
Therefore, the antif erromagnetic layer preferably comprises 
the Ni-Mn alloy film rather than the Fe-Mn alloy film. 
[0007] The interface structure between the 
antif erromagnetic layer comprising a Ni-Mn alloy film and 

the pinned magnetic layer (NiFe alloy film) is reported inB. 

Y. Wong, C. Mitsumata, S. Prakash, D. E. Laughlin, and T. 
Kobayashi: Journal of Applied Physics, vol. 79, No. 10, p. 
7896- p. 7904 (1996) . 

[0008] This document discloses that NiFe and NiMn are grown 
while maintaining a crystal coherent state at the NiFe/NiMn 
interface so that {111} planes of NiFe and NiMn are oriented 
in parallel with the film plane. At the interface. 



distortion of the coherent state is relieved by introducing 
many twin crystals having twin planes parallel with the film 
plane. However, ordering of NiMn near the interface is 
suppressed to a low level by residual distortion at the 
interface, while a portion away from the interface has a 
high degree of order. 

[0009] The coherent state means a state in which the atoms 
of the antif erromagnetic layer and the pinned magnetic layer 
have one-to-one correspondence at the interface therebetween 
Conversely, an incoherent state means a state in which the 
atoms of the antif erromagnetic layer and the pinned magnetic 
layer do not have a one-to-one positional relation at the 
interface therebetween . 

[0010] With the antif erromagnetic layer comprising the NiMn 
alloy film, an exchange anisotropic magnetic field is 
produced at the interface between the NiMn alloy and the 
pinned magnetic layer by heat treatment . This is due to the 
f act _ that the_NiMn- alloy is -transformed froma— disordered 
lattice to an ordered lattice . 

[0011] Before heat treatment, the crystal structure of the 
NiMn alloy has a face-centered cubic lattice (referred to as 
the "disordered lattice" hereinafter) in which the Ni and Mn 
atoms are arranged disorderly. However, the crystal 
structure is transformed from the face-centered lattice to a 
face-centered tetragonal lattice by heat treatment, and the 



arrangement of the atoms is ordered (referred to as the 
"ordered lattice" hereinafter). In the Ni-Mn alloy film in 
which the crystal structure is completely transformed to the 
ordered lattice, the ratio c/a of lattice constant c to 
lattice constant a is 0.942, 

[0012] Since the lattice constant ratio c/a of the NiMn 
alloy film completely transformed to the ordered lattice is 
relatively close to 1, the lattice distortion at the 
interface, which occurs during transformation from the 
disordered lattice to the ordered lattice, is relatively 
small. Therefore, even when the interface structure between 
the NiMn alloy film and the pinned magnetic layer is in the 
coherent state, the NiMn alloy is transformed from the 
disordered lattice to the ordered lattice by heat treatment , 
producing an exchange anisotropic magnetic field. As 
described in the above-described document, distortion at the 
Interface is relieved to some extent by twin crystals. 

[0013] - - — - - - 

[Problems to be Solved by the Invention] As described above 
a NiMn alloy produces a relatively large exchange 
anisotropic magnetic field, and has a high blocking 
temperature of about 300° C, and thus has excellent 
properties as compared with a conventional FeMn alloy. 
However, like the FeMn alloy, the NiMn alloy is not said to 
have sufficient corrosion resistance. 
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[0014] Therefore, in recent years, a X-Mn alloy (X = Pt, Pd, 
Ir, Rh, Ru, or Os ) comprising a platinum group element has 
attracted attention as an antif erromagnetic material 
producing a larger exchange anisotropic magnetic field and a 
higher blocking temperature than the NiMn alloy. By using 
the X-Mn alloy comprising a platinum group element for the 
antif erromagnetic layer, the reproduced output can be 
improved as compared with a conventional head, and the 
exchange anisotropic magnetic field can be prevented from 
disappearing due to a temperature rise of the element during 
the driving operation of the head, thereby preventing the 
problem of deteriorating reproducing properties. 
[0015] In use of the X-Mn alloy containing a platinum group 
element for the antif erromagnetic layer, like in a case in 
which the NiMn alloy is used for the antif erromagnetic layer, 
heat treatment must be performed after deposition of the 
layer in order to produce the exchange anisotropic magnetic 
f ield. - Although -the above document discloses that the - NiMn~ 
alloy has the coherent interface structure with the pinned 
magnetic layer (NiFe alloy), the X-Mn alloy (X is a platinum 
group element) having the coherent interface structure with 
the pinned magnetic layer was found to produce less exchange 
anisotropic magnetic field even by heat treatment. 
[0016] The present invention has been achieved for solving 
the problems of conventional materials, and the present 
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invention relates to an exchange coupling film which can 
produce a large exchange anisotropic magnetic field when an 
ant if erromagnetic material containing element X (X is a 
platinum group element) Mn is used for the antif erromagnetic 
layer, and a magnetoresistive element using the exchange 
coupling film . 
[0017] 

[Means for Solving the Problems] The present invention 
provides an exchange coupling film comprising an 
antif erromagnetic layer and a ferromagnetic layer, which are 
formed in contact with each other so that an exchange 
anisotropic magnetic field is produced at the interface 
between both layers by heat treatment to pin the* 
magnetization direction of the ferromagnetic layer in a 
predetermined direction, wherein the antif erromagnetic layer 
is made of an antif erromagnetic material containing at least 
element X (X is at least one element of Pt , Pd, Ir, Rh, Ru 
— and Os) and Mn T and the "interface's tructure" between the 

antif erromagnetic layer and the pinned magnetic layer is in 
an incoherent state. 

[0018] After heat treatment, at least a portion of the 
crystal structure of the antif erromagnetic layer preferably 
comprises a Ll 0 type face-centered tetragonal ordered 
lattice- Furthermore, in the present invention, the 
antif erromagnetic layer and the ferromagnetic layer 



preferably have different crystal orientations at the 
interface therebetween . 

[0019] In the present invention, a {111} plane of the 
ferromagnetic layer is preferentially oriented in parallel 
with the interface with the antif erromagnetic layer, while a 
{111] plane of the antif erromagnetic layer is oriented with 
a lower degree than the ferromagnetic layer or not oriented, 
[0020] Alternatively, the {111} plane of the 
antif erromagnetic layer is preferentially oriented in 
parallel with the interface with the ferromagnetic layer, 
while the {111] plane of the ferromagnetic layer is oriented 
with a lower degree than the antif erromagnetic layer or not 
oriented. 

[0021] Alternatively, both the antif erromagnetic layer and 
the ferromagnetic layer have the low degrees of orientation 
of the {111} planes in parallel with the interface between 
both layers, or the {111} plates are not oriented, and 

crystal planes other than the {111} planes are — - 

preferentially oriented in parallel with the interface to 
provide the antif erromagnetic layer and the ferromagnetic 
layer with different crystal orientations. 
[0022] In the present invention, the antif erromagnetic 
layer is made of the X-Mn alloy in which the element X is 
preferably Pt. Furthermore, with the antif erromagnetic 
layer made of the PtMn alloy, the ratio c/a of the lattice 
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constant c to the lattice constant a of the 

antif erromagnetic layer after heat treatment is preferably 
in the range of 0.93 to 0.99. 

[0023] In the present invention, the antif erromagnetic 
layer may be made of a X-Mn-X' alloy (wherein X is at least 
one element of Pt, Pd, Ir, Rh, Ru, and Os ) . The X-Mn-X' 
alloy is an interstitial solid solution in which the element 
X* enters the interstices of a space lattice composed of the 
element X and Mn, or a substitutional solid solution in 
which the lattice points of a crystal lattice composed of 
the element X and Mn are partly replaced by the element X' . 
Particularly, the element X of the X-Mn-X 1 alloy used for 
the antif erromagnetic layer is Pt . Namely, the 
antif erromagnetic layer is preferably made of a Pt-Mn-X' 
alloy. 

[0024] In the present invention, the element X' of the X- 
Mn-X' alloy used for the antif erromagnetic layer is 

-preferably at- least one— element of Ne 7 Ar, Kir, Xe, Be,~B, C, 

N, Mg, Al, Si, P, Ti, V, Cr, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, 
Nb, Mo, Ag, Cd, Ir, Sn, Hf , Ta, W, Re, Au, Pb, and the rare 
earth elements, more preferably at least one element of Ne, 
Ar, Kr, and Xe. 

[0025] In the present invention, with the antif erromagnetic 
layer made of the X-Mn-X' alloy, the composition ratio of X' 
is preferably in the range of 0.2 to 10 at% , more 



preferably in the range of 0.5 to 5 at% . 

[0026] Furthermore, in the present invention, with the 
antif erromagnetic layer made of the X-Mn-X' alloy, the 
composition ratio X : Mn of the element X to Mn is 
preferably in the range of 4 : 6 to 6 : 4. The X-Mn-X' 
alloy used for the antif erromagnetic layer is preferably 
formed by a sputtering process. 

[0027] In the present invention, the antif erromagnetic 
layer is made of the X-Mn alloy (wherein X is at least one 
element of Pt, Pd, Ir, Rh, Ru, and Os ) , and formed on the 
ferromagnetic layer, wherein the composition ratio of the 
element X of the X-Mn alloy is preferably in the range of 4 7 
to 57 at%. 

[0028] In the present invention, the antif erromagnetic 
layer is made of the X-Mn-X' alloy (wherein X is at least on 
element of Pt, Pd, Ir, Rh, Ru, and Os, and X' is at least 
one element of Ne, Ar, Kr, Xe, Be, B, C, N, Mg, Al, Si, P, 
Ti,_ V_, _Cr„, Fe, Co , Ni , Gu T Zn 7 Ga T Ge, Zrr Nb, Mo , Ag,~ C d , 
Ir, Sn, Hf, Ta, W, Re, Au, Pb, and the rare earth elements), 
and formed on the ferromagnetic layer, wherein the 
composition ratio of elements X + X' of the X-Mn-X' alloy is 
preferably in the range of 47 to 57 at%. 
[0029] Furthermore, in the present invention, the 
composition ratio of the element X of the X-Mn alloy or 
elements X + X' of the X-Mn-X' alloy is more preferably in 
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the range of 50 to 56 at%. 

[0030] In the present invention, the antif erromagnetic 
layer is made of the X-Mn alloy (wherein X is at least on 
element of Pt, Pd, Ir, Rh, Ru, and Os ) , and formed below the 
ferromagnetic layer, wherein the composition ratio of the 
element X of the X-Mn alloy is preferably in the range of 44 
to 57 at%. 

[0031] In the present invention, the antif erromagnetic 
layer is made of the X-Mn-X' alloy (wherein X is at least 
one element of Pt, Pd, Ir, Rh, Ru, and Os , and X' is at 
least one element of Ne, Ar, Kr, Xe, Be, B, C, N, Mg, Al, Si, 
P, Ti, V, Cr, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, Cd, 
Ir, Sn, Hf, Ta, W, Re, Au, Pb, and the rare earth elements), 
and formed below the ferromagnetic layer, wherein the 
composition ratio of elements X + X' of the X-Mn-X' alloy is 
preferably in the range of 44 to 57 at%. 
[0032] Furthermore, in the present invention, the 

composition raJtio_ of _ the element X of- the X-Mn alloy- or 

elements X + X' of the X-Mn-X' alloy is more preferably in 
the range of 46 to 55 at%. 

[0033] In the present invention, the exchange coupling film 
formed as described above can be used for various 
magnetoresistive elements. According to the present 
invention, a single spin valve thin film element comprises 
an antif erromagnetic layer, a pinned magnetic layer formed 
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in contact with the antif erromagnetic layer so that the 
magnetization direction of is pinned by an exchange 
anisotropic magnetic field with the antif erromagnetic layer, 
a free magnetic layer formed on the pinned magnetic layer 
with a nonmagnetic conductive layer provided therebetween, a 
bias layer for orienting the magnetization direction of the 
free magnetic layer in the direction crossing the 
magnetization direction of the pinned magnetic layer, and a 
conductive layer for supplying a sensing current ot the 
pinned, magnetic layer, the nonmagnetic conductive layer and 
the free magnetic layer, wherein the antif erromagnetic layer 
and the pinned magnetic layer formed in contact with the 
antif erromagnetic layer comprise the above-described 
exchange coupling film* 

[0034] In the present invention, in the single spin valve 
thin film element, antif erromagnetic layers may be formed on 
or below the free magnetic layer with a space therebetween 
corresponding -to— a track- width- Tw, the antif erromagnetic " 
layers and the free magnetic layer comprising the exchange 
coupling film. 

[0035] According to the present invention, a dual spin 
valve thin film element comprises nonmagnetic conductive 
layers laminated on and below a free magnetic layer, pinned 
magnetic layers located on one of the nonmagnetic conductive 
layers and below the other nonmagnetic conductive layer. 
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antif erromagnetic layers located on one of the pinned 
magnetic layers and below the other pinned magnetic layer so 
that the magnetization direction of each of the pinned 
magnetic layers is pinned in a predetermined direction by 
exchange anisotropic magnetic field, and a bias layer for 
orienting the magnetization direction of the free magnetic 
layer in the direction crossing the magnetization directions 
of the pinned magnetic layers , wherein the antif erromagnetic 
layers and the pinned magnetic layers respectively formed in 
contact with the antif erromagnetic layers comprise the 
exchange coupling film. 

[0036] According to the present invention, an AMR element 
comprises a magne tores is tive layer and a soft magnetic layer 
which are laminated with a nonmagnetic layer provided 
therebetween, antif erromagnetic layers formed on or below 
the magnetoresistive layer with space therebetween 
corresponding to a track width Tw, wherein the 
antif erromagnetic layers and the magnetoresistive -layer ----- 
comprise the exchange coupling film. According to the 
present invention, a thin film magnetic head comprises 
shield layers formed on and below the magnetoresistive 
element with gap layers provided therebetween. 
[0037] In the present invention, with the antif erromagnetic 
layer made of an antif erromagnetic material containing at 
least one element X (X = at least one of Pt, Pd, Ir, Rh, Ru, 
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and Os) and Mn, the interface structure with the 
ferromagnetic layer is put into an incoherent state so that 
the exchange anisotropic magnetic field can be appropriately 
obtained. 

[0038] The reason for bringing the interface structure with 
the ferromagnetic layer into the incoherent state is that 
the crystal structure of the antif erromagnetic layer is 
appropriately transformed from the disordered lattice to the 
ordered lattice by heat treatment to produce the larger 
exchange anisotropic magnetic field. The relation between 
the incoherent state and the exchange anisotropic magnetic 
field will be described in detail below. 

[0039] The incoherent state means that the atoms of the 
antif erromagnetic layer and the atoms of the ferromagnetic 
layer do not have one-to-one correspondence at the interface 
between both layers and are different in positional relation. 
In order to bring the interface structure into the 

incoherent, state , a .lattice -const ant of - the - - 

antif erromagnetic layer must be properly controlled before 
heat treatment . 

[0040] In the present invention, the antif erromagnetic 
layer is made of, for example, a X-Mn alloy (wherein X is at 
least one element of Pt, Pd, Ir, Rh, Ru, and Os). 
[0041] In the present invention, the composition ratio of 
element X of the X-Mn alloy is properly controlled so that 
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difference between the lattice constant of the X-Mn alloy 
and the lattice constant of the ferromagnetic layer (for 
example, a NiFe alloy) is large before heat treatment. 
[0042] In the deposition step (before heat treatment), the 
crystal structures of both the X-Mn alloy and the 
ferromagnetic layer comprise a face-centered cubic lattice 
(referred to as the "disordered lattice" hereinafter) in 
which X and Mn atoms are arranged disorderly. However, as 
described above, since the difference between the lattice 
constant of the X-Mn alloy and the lattice constant of the 
ferromagnetic layer is large, the interface structure 
between the X-Mn alloy and the ferromagnetic layer is easily 
put into the incoherent state in the deposition state 
(before heat treatment). 

[0043] Therefore, in the present invention, with the 

antif erromagnetic layer made of the X-Mn alloy (X is Pt, Pd, 

or the like) , the composition ratio of the element X is 

properly controlled to bring the _ interface structure— between 

the antif erromagnetic layer and the ferromagnetic layer into 
the incoherent state. Furthermore, by adding element X' 
such as a rare gas element (Ne, Ar, or the like) to the X-Mn 
alloy, the lattice constant of the antif erromagnetic layer 
can be increased to bring the interface structure between 
the antif erromagnetic layer and the ferromagnetic layer into 
the incoherent state. 



[0044] In the present invention, the X-Mn alloy or X-Mn-X' 
alloy and the ferromagnetic layer preferably have different 
crystal orientations . The degree of crystal orientation can 
be changed by forming an underlying layer, or controlling 
conditions such as the composition ratio, the power gas 
pressure in sputtering deposition, etc., or the deposition 
order of films. 

[0045] The reason for forming the X-Mn alloy or X-Mn-X' 
alloy and the ferromagnetic layer to have different crystal 
orientations is that for example, when the {111} plane of 
the ferromagnetic layer is preferentially oriented in 
parallel with the film plane, and similarly the {111} plane 
of the X-Mn alloy or the X-Mn-X' alloy is preferentially 
oriented in parallel with the film plane, the interface 
structure is not easily put into the incoherent state. 
[0046] Therefore, in the present invention, for example, 
when the {111} plane of the ferromagnetic layer is 
preferentially!- oriented in parallel with the interface the 
X-Mn alloy or the X-Mn-X 1 alloy, crystal orientation of the 
X-Mn alloy or the X-Mn-X' alloy is appropriately controlled 
so that the degree of orientation of the {111} plane is 
lower than that of the ferromagnetic layer, or the {111} 
plane is not oriented, thereby maintaining the interface 
structure in the incoherent state. 

[0047] After the X-Mn alloy or the X-Mn-X' alloy and the 
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ferromagnetic layer are laminated so that the interface 
structure is in the incoherent state, as described above, 
the exchange anisotropic magnetic field is produced by heat 
treatment at the interface between the X-Mn alloy or the X- 
Mn-X f alloy and the ferromagnetic layer. The occurrence of 
the exchange anisotropic magnetic field is due to 
transformation of the crystal structure of the X-Mn alloy or 
the X-Mn-X' alloy from the disordered phase to the face- 
centered tetragonal lattice in which X and Mn atoms are 
arranged orderly. 

[0048] In the present invention, the face-centered 
tetragonal lattice is a so-called Ll 0 -type face-centered 
tetragonal lattice (referred to as the "ordered lattice" 
hereinafter) in which X atoms are located at the centers of 
the four sides of the six planes of a unit lattice, and Mn 
atoms are located at the corners and the centers of the top 
and bottom of the unit lattice. The crystal structure of 
the X-Mn alloyi or the X-Mn-X! alloy must be partly ~ ~ " ~ 
transformed to the ordered lattice after heat treatment. 
[0049] As described above, the crystal structure of the X- 
Mn alloy or the X-Mn-X' alloy is transformed from the 
disordered lattice to the ordered lattice by heat treatment 
to produced the exchange coupling magnetic field. However, 
the lattice distortion produced in the X-Mn alloy or the X- 
Mn-X' alloy during this transformation is larger than that 
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of a NiMn alloy. 

[0050] In the present invention, as described above, the 
composition ratio of the X-Mn alloy is appropriately 
controlled, or the element X' is added as a third element to 
the X-Mn alloy to bring the interface structure between the 
X-Mn alloy or the X-Mn-X* alloy and the ferromagnetic layer 
into the incoherent state. 

[0051] By bringing the interface structure between the 

antif erromagnetic layer and the ferromagnetic layer into the 

incoherent state, the crystal structure of the X-Mn alloy or 

the X-Mn-X f alloy is easily transformed from the disordered 

latticed to the ordered lattice by heat treatment, thereby 

producing the large exchange anisotropic magnetic field at 

the interface. The X-Mn alloy (X = Pt, Pd, or the like) or 

the X-Mn-X' alloy (X' = Ne , Ar, or the like) has excellent 

properties as an antif erromagnetic material, for example, 

such as higher corrosion resistance than the FeMn alloy, the 

NiMn alloy and the like,_ the_ higher- blocking temperature - — — - 

than the FeMn alloy, and the large exchange anisotropic 

magnetic field, etc. In the present invention, Pt is 

preferably selected as the element X which constitutes the 

X-Mn alloy or the X-Mn-X' alloy. 

[0052] The exchange coupling film comprising the 

antif erromagnetic layer made of the X-Mn alloy or the X-Mn- 

X' alloy, and the ferromagnetic layer, which has been 
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described in detail above, can be applied to a 
magnetoresistive element . 

[0053] In the present invention, in a single spin valve 
thin film element or a dual spin valve thin film element as 
the magnetoresistive element, an antif erromagnetic layer and 
a pinned magnetic layer comprise the exchange coupling film. 
Therefore, magnetization of the pinned magnetic layer can be 
securely pinned in a predetermined direction, thereby 
obtaining excellent reproducing characteristics as compared 
with a conventional element. 

[0054] For example, when the magnetization direction of the 
free magnetic layer of the single spin valve thin film 
element or a magnetoresistive element layer of an AMR 
element is oriented in a predetermined direction by an 
exchange bias system, an exchange bias layer and the free 
magnetic layer, or the exchange bias layer and the 
magnetoresistive layer may comprise the exchange coupling 

film... _As a_result , magnetizations- of the free" magnetic 

layer and the magnetoresistive layer can be appropriately 
oriented in a predetermined direction, thereby obtaining 
excellent reproducing characteristics . 
[0055] 

[Embodiments] Fig. 1 is a sectional view of the structure 
of a single spin valve thin film element according to a 
first embodiment of the present invention, as viewed from 
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the ABS side. Fig. 1 is a cut-away view showing only the 
central portion of the element in the X direction. The 
single spin valve thin film element is provided at the 
trailing side end of a flying slider provided on a hard disk 
device, for detecting a recording magnetic field of a hard 
disk. The movement direction of a magnetic recording medium 
such as the hard disk or the like coincides with the Z 
direction, and the direction of a leakage magnetic field 
from the magnetic recording medium coincides with the Y 
direction . 

[0056] An underlying layer 6 made of a nonmagnetic material 
such as Ta (tantalum) or the like is formed at the bottom in 
Fig. 1. A free magnetic layer 1, a nonmagnetic conductive 
layer 2, a pinned magnetic layer 3 and an antif erromagnetic 
layer 4 are laminated on the underlying layer 6 . 
Furthermore, a protecting layer 7 of Ta (tantalum) or the 
like is laminated on the antif erromagnetic layer 4 . 

[0057] As shown in Fig. 1 , hard bias "layers 5 — are formed on 

both sides of the six layers including the underlying layer 
6 to the protecting layer 7, and conductive layers 8 are 
laminated on the hard bias layers 5 . 

[0058] In the present invention, each of the free magnetic 
layer 1 and the pinned magnetic layer 3 is made of a NiFe 
alloy, a CoFe alloy, a Co alloy, Co, a CoNiFe alloy, or the 
like. Although the free magnetic layer 1 shown in Fig. 1 
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comprises a single layer, the free magnetic layer 1 may 
comprise a multilayer structure. Namely, the free magnetic 
layer 1 may have a laminated structure comprising, for 
example, a NiFe alloy and a CoFe alloy, or a NiFe alloy and 
Co. 

[0059] The nonmagnetic conductive layer 2 interposed 
between the free magnetic layer 1 and the pinned magnetic 
layer 3 is made of Cu. Furthermore, each of the hard bias 
layers 5 is made of, for example, a Co-Pt ( cobalt -platinum) 
alloy, or a Co-Cr-Pt (cobalt-chromium-platinum) alloy, and 
each of the conductive layers 8 is made of Cu (copper), W 
(tungsten), Cr (chromium), or the like. 

[0060] In the present invention, the antif erromagnetic 
layer 4 formed on the pinned magnetic layer 3 is made of an 
antif erromagnetic material containing at least element X (X 
is at least one element of Pt, Pd, Ir, Rh, Ru, and Os) and 
Mn. 

[0061] In the presents invention , the interf ace structure 

between the pinned magnetic layer 3 and the 

antif erromagnetic layer 4 shown in Fig. 1 is in the 

incoherent state, and at least a portion of the 

antif erromagnetic layer 4 has a crystal structure comprising 

the Ll 0 -type face-centered tetragonal lattice (referred to 

the "ordered lattice" hereinafter) at the interface. 

[0062] The Ll 0 -type face-centered tetragonal lattice means 
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a lattice in which X atoms (X = Pt, Pd, Ir, Rh, Ru, or Os ) 
are located at the centers of the four sides of the six 
planes of a unit lattice, and Mn atoms are located at the 
corners and the centers of the top and bottom of the unit 
lattice. 

[0063] In the present invention, the pinned magnetic layer 
3 and the antif erromagnetic layer 4 preferably have 
different crystal orientations because the interface 
structure between the pinned magnetic layer 3 and the 
antif erromagnetic layer 4 is easily put into the incoherent 
state . 

[0064] In the single spin valve thin film element shown in 
Fig. 1, the underlying layer 6 of Ta is provided, and thus 
the {111} planes of the free magnetic layer 1, the 
nonmagnetic conductive layer 2 and the pinned magnetic layer 
3, which are formed on the underlying layer 6, are 
preferentially oriented in parallel with the film plane. 

[0065] However, the {111} plane of the _ ant if erromagnetic — - 

layer 4 formed on the pinned magnetic layer 3 is oriented 
with a lower degree of orientation than that of the pinned 
magnetic layer 3, or not oriented. Namely, the pinned 
magnetic layer 3 and the antif erromagnetic layer 4 shown in 
Fig. 1 have different crystal orientations near the 
interface between both layers, and thus the structure at the 
interface is easily put into the incoherent state. 
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[0066] In the present invention, the structure of the 
interlayer between the pinned magnetic layer 3 and the 
antif erromagnetic layer 4 is put into the incoherent state 
in the step before heat treatment. This is because the 
crystal structure of the antif erromagnetic layer 4 is 
transformed from the disordered lattice (face-centered cubic 
lattice) to the ordered lattice by heat treatment to obtain 
the appropriate exchange anisotropic magnetic field. Namely, 
with the interface structure in the coherent state, the 
crystal structure of the antif erromagnetic layer 4 is not 
easily transformed from the disordered lattice to the 
ordered lattice even by heat treatment, thereby causing the 
problem of failing to obtain the exchange anisotropic 
magnetic field. 

[0067] In the present invention, the antif erromagnetic 
layer 4 is made of the X-Mn alloy (wherein X is at least one 
element of Pt, Pd, Ir, Rh, Ru, and Os) . Particularly, in 

the^ E^esent invention ,„ the^ antif erromagnetic layer 4 is 

preferably made of a PtMn alloy. The X-Mn alloy, 
particularly the PtMn alloy, has excellent properties as an 
antif erromagnetic material, such as excellent heat 
resistance, a high blocking temperature and a large exchange 
anisotropic magnetic field (Hex), as compared with the FeMn 
alloy and the NiMn alloy which are conventionally used for 

* 

antif erromagnetic layers . 
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[0068] In the present invention, in the antif erromagnetic 
layer 4 made of the PtMn alloy in which at least a portion 
of the crystal structure is transformed to the ordered 
lattice after heat treatment, the ratio c/a of lattice 
constants a and c is preferably in the range of 0,93 to 0.99. 
With the ratio c/a of lattice constants a and c of less than 
0.93, almost all of the crystal structure of the 
antif erromagnetic layer 4 is transformed to the ordered 
lattice. In this state, adhesion between the pinned 
magnetic layer 3 and the antif erromagnetic layer 4 
deteriorates, thereby undesirably causing peeling. With the 
ratio c/a of lattice constants a and c of over 0.99, almost 
all of the crystal structure of the antif erromagnetic layer 
4 comprises the disordered lattice, thereby undesirably 
decreasing the exchange anisotropic magnetic field produced 
at the interface between the antif erromagnetic layer 4 and 
the pinned magnetic layer 3. 

[ 0069 ] _ In the. antif erromagnetic layer 4 -made of the X^Mn — ~ 
alloy (wherein X is at least one element of Pt, Pd, Ir, Rh, 
Ru, and Os), the composition ratio of the X-Mn alloy is set 
in the numerical ranges below in order to bring the 
interface structure between the pinned magnetic layer 3 and 
the antif erromagnetic layer 4 into the incoherent state. 
[0070] In the antif erromagnetic layer 4 made of the X-Mn 
alloy (wherein X is at least one element of Pt, Pd, Ir, Rh, 



- 34 - 



Ru, and Os), and formed on the pinned magnetic layer 3 as 
shown in Fig. 1, the composition ratio of the element X of 
the X-Mn alloy is preferably in the range of 47 to 57 at%, 
more preferably in the range of 50 to 56 at%. 
[0071] With the composition ratio within the above range, 
in the antif erromagnetic layer 4 in which the crystal 
structure has the disordered lattice before heat treatment, 
difference between the lattice constant of the 
antif erromagnetic layer 4 and the lattice constant of the 
pinned magnetic layer 3 can be increased, thereby 
maintaining the interface structure between the pinned 
magnetic layer 3 and the antif erromagnetic layer 4 in the 
incoherent state before heat treatment. 
[0072] In this state, heat treatment is performed to 
produce the exchange anisotropic magnetic field due to the 
change of the crystal structure of the antif erromagnetic 
layer 4. In a case in which the composition ratio of the 
element X of .the X-Mn alloy is in- the range of 4 7 -to 57 at % , 
as described above, an exchange anisotropic magnetic field 
of 400 (Oe: Oersted) or more can be obtained. In a case in 
which the composition ratio of the element X of the X-Mn 
alloy is in the range of 50 to 56 at%, as described above, 
an exchange anisotropic magnetic field of 600 (Oe: Oersted) 
or more can be obtained. 

[0073] In the present invention, in use of the X-Mn alloy 
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for the antif erromagnetic layer 4, the composition ratio of 
the element X is set in the above range to maintain the 
interface structure between the antif erromagnetic layer 4 
and the pinned magnetic layer 3 in the incoherent state. In 
the present invention, the element X* is added as a third 
element to the X-Mn alloy to increase the lattice constant 
of the antif erromagnetic layer 4, whereby the interface 
structure between the antif erromagnetic layer 4 and the 
pinned magnetic layer 4 can be put into the incoherent state 
before heat treatment. 

[0074] The X-Mn-X' alloy obtained by adding element X f to 
the X-Mn alloy is an interstitial solid solution in which 
the element X* enters the interstices of a space lattice 
composed of the element X and Mn, or a substitutional solid 
solution in which the lattice points of a crystal lattice 
composed of the element X and Mn are partly replaced by the 
element X' . The solid solution means a solid in which 
components are uniformly mixed over- a-wide composition range - . ~ 
In the present invention, the element X is preferably Pt. 
[0075] In the present invention, the X-Mn-X' alloy is 
deposited by the sputtering process. The X-Mn-X' alloy is 
deposited in a non- equilibrium state by sputtering to form a 
film of the X-Mn-X ' alloy in which the element X' enters the 
interstices of a space lattice composed of the element X and 
Mn, or the lattice points of a crystal lattice composed of 
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the element X and Mn are partly replaced by the element X' . 
In this way, the element X* is dissolved in the lattice of 
the X-Mn alloy by entering or substitution to expand the 
lattice, increasing the lattice constants of the 
antif erromagnetic layer 4 as compared with the case in which 
the element X' is not added. 

[0076] Although, in the present invention, various elements 
can be used as the element X ' , use of a halogen or O 
(oxygen) having high reactivity selectively causes chemical 
bond with Mn alone, thereby undesirably failing to maintain 
the face-centered cubic crystal structure. Specifically, 
the element X' is at least one of Ne, Ar, Kr, Xe, Be, B, C, 
N, Mg, Al, Si, P, Ti, V, Cr, Fe , Co, Ni, Cu, Zn, Ga, Ge, Zr, 
Nb, Mo, Ag, Cd, Ir, Sn, Hf , Ta, W, Re, Au, Pb, and the rare 
earth elements (Sc, Y and lanthanids (la, Ce, Pr, Nd, Pm, Sm, 
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu) ) . 

[0077] The lattice constant of the antif erromagnetic layer 
4 can be increased by using anyi one of - the above various 
elements as the element X' in sputtering. Particularly, in 
use of element X 1 which is dissolved by substitution, with 
an excessively high composition ratio of the element X" , 
antif erromagnetic characteristics deteriorate to decrease 
the exchange coupling magnetic field produced at the 
interface with the pinned magnetic layer 3. 

[0078] In the present invention, particularly, a rare gas 
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element of inert gas (at least one of Ne, Ar, Kr, and Xe) 
which is dissolved by entering is preferably used as the 
element X ' . A rare gas element is an inert gas element , and 
thus less affects the antif erromagnetic characteristics even 
when contained in the film. Ar is a gas which is 
conventionally introduced as a sputtering gas into a 
sputtering apparatus, and thus Ar can easily be entered into 
the film only by controlling the gas pressure and the energy 
of sputtered particles. 

[0079] In use of a gaseous element as the element X* , a 
large amount of element X 1 cannot be easily contained in the 
film. However, it was confirmed by experiment that in use 
of a rare gas, the exchange coupling magnetic field produced 
by heat treatment can be significantly increased by entering 
only a small amount of rare gas into the film. 
[0080] In the present invention, the composition ratio of 
the element X' is preferably set in the range of 0.2 to 10 
at%, more preferably in the_ range of _0...5 -to 5 at%. In this 
case, the ratio X : Mn of the element X and Mn is preferably 
in the range of 4 : 6 to 6 : 4. By controlling the ratio 
X : Mn of the element X and Mn in the above range, the 
lattice constant of the antif erromagnetic layer 4 in the 
deposition step ( before heat treatment ) can be increased , 
and the exchange coupling magnetic field produced at the 
interface between the antif erromagnetic layer 4 and the 
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pinned magnetic layer 3 by heat treatment can be increased, 
as compared with a case in which the element X' is not 
contained. 

[0081] In the present invention, in the ant if erromagnetic 
layer 4 made of the X-Mn-X' alloy (wherein X is at least one 
element of Pt, Pd, Ir, Rh, Ru, and Os, and X' is at least 
one element of Ne, Ar, Kr, Xe, Be, B, C, N, Mg, Al, Si, P, 
Ti, V, Cr, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, Cd, 
Ir, Sn, Hf, Ta, W, Re, Au, Pb, and the rare earth elements), 
and formed on the pinned magnetic layer 3 as shown in Fig. 1, 
the composition ratio of elements X + X' of the X-Mn-X' 
alloy is preferably in the range of 47 to 57 at% , and more 
preferably in the range of 50 to 56 at%. 

[0082] Magnetization of the pinned magnetic layer 3 is put 
into the single domain state and pinned in the Y direction 
shown in Fig. 1 by the exchange coupling magnetic field 
produced by heat treatment at the interface between the 
antif erromagnetic layer 4 and the pinned magnetic layer .3...- 
Where the element X f of the X-Mn-X 1 alloy used for the 
antif erromagnetic layer 4 is, for example, a gaseous element, 
the element X' escapes from the film by heat treatment to 
decrease the composition ratio of the element X* after heat 
treatment to a value lower than the ratio in the deposition 
step, or the element X' completely escapes from the film to 
obtain the composition X-Mn in some cases. However, where 
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the interface structure between the pinned magnetic layer 3 
and the antif erromagnetic layer 4 is in the incoherent state 
in the deposition step (before heat treatment), the crystal 
structure of the antif erromagnetic layer 4 can be 
appropriately transformed from the disordered lattice (face- 
centered cubic lattice) to the ordered lattice by heat 
treatment , thereby producing the large exchange anisotropic 
magnetic field. Magnetization of the free magnetic layer 1 
is oriented in the X direction shown in Fig. 1 by the hard 
bias layers 5 formed on both sides thereof. 

[0083] In the single spin valve thin film element shown in 
Fig. 1, when a stationary current (sensing current) is 
supplied to the free magnetic layer 1 , the nonmagnetic 
conductive layer 2, and the pinned magnetic layer 3 from the 
conductive layers 8, and a magnetic field is applied from a 
recording medium in the Y direction, the magnetization 
direction of the free magnetic layer 1 is changed from the X 
.direction to the Y. direction.- At the same time;- conduction— 
electrons are scattered at the interface between the 
nonmagnetic conductive layer 2 and the pinned magnetic layer 
3, or the interface between the nonmagnetic conductive layer 
2 and the free magnetic layer 1 to change the electric 
resistance. As a result, the voltage changes to obtain 
detected output. 

[0084] Fig. 2 is a sectional view of the structure of a 
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single spin valve thin film element according to a second 
embodiment of the present invention. As shown in Fig. 2, an 
underlying layer 6, an an t if er r omagne t ic layer 4, a pinned 
magnetic layer 3 , a nonmagnetic conductive layer 2 , and a 
free magnetic layer 1 are laminated from the bottom. Like 
the antif erromagnetic layer 4 shown in Fig. 1, the 
antif erromagnetic layer 4 shown in Fig. 2 is made of a X-Mn 
alloy (wherein X is at least one element of Pt , Pd, Ir, Rh, 
Ru, and Os), preferably a PtMn alloy, or a X-Mn-X' alloy 
(wherein X' is at least one element of Ne, Ar, Kr, Xe, Be, B, 
C, N, Mg, Al, Si, P, Ti, V, Cr, Fe, Co, Ni, Cu, Zn, Ga, Ge, 
Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf , Ta, W, Re, Au, Pb, and the 
rare earth elements). The pinned magnetic layer 3, the 
nonmagnetic conductive layer 2 and the free magnetic layer 1 
are made of the same materials as those shown in Fig. 1. 
[0085] In this embodiment, the interface structure between 
the pinned magnetic layer 3 and the antif erromagnetic layer 

4 is in the„ incoherent state , and at -least- a- portion of the - — — ~ 

antif erromagnetic layer 4 has a crystal structure comprising 
the Ll 0 -type face-centered tetragonal lattice (referred to 
the "ordered lattice" hereinafter) at the interface. 
[0086] Furthermore, the {111} plane of the 

antif erromagnetic layer 4 formed on the underlying Ta layer 
6 is preferentially oriented in parallel with the interface. 
However, when the pinned magnetic layer 3 is formed on the 



antif erromagnetic layer 4, the {111} plane of the pinned 
magnetic layer 3 tends to be oriented in the direction of 
the interface with a lower degree of orientation than that 
of the antif erromagnetic layer 4, or not oriented. Namely, 
the antif erromagnetic layer 4 and the pinned magnetic layer 

3 shown in Fig. 2 have different crystal orientations at the 
interface between both layers, and thus the structure at the 
interface can be put into the incoherent state. 

[0087] In the antif erromagnetic layer 4 made of the X-Mn 
alloy (wherein X is at least one element of Pt, Pd, Ir, Rh, 
Ru, and Os), and formed below the pinned magnetic layer 3 as 
shown in Fig. 2, the composition ratio of the element X of 
the X-Mn alloy, which constitutes the antif erromagnetic 
layer 4, is preferably in the range of 44 to 57 at%. With 
the composition ratio in this range, an exchange anisotropic 
magnetic field of 400 (Oe) or more can be obtained. The 
composition ratio of the element X of the X-Mn alloy is more 

preferably in the range of 46_ to _55_ at% . With the — 

composition ratio in this range, an exchange anisotropic 
magnetic field of 600 (Oe) or more can be obtained. 
[0088] The reason why with the composition ratio within the 
above range, the exchange anisotropic magnetic field can be 
increased is that the difference between the lattice 
constant (disordered lattice) of the antif erromagnetic layer 

4 and the lattice constant of the pinned magnetic layer 3 
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before heat treatment can be increased to bring the 
interface structure before heat treatment into the 
incoherent state. Therefore, the crystal structure of at 
least a portion of the antif erromagnetic layer 4 at the 
interface can be transformed from the disordered lattice to 
the ordered lattice necessary for exhibiting the exchange 
anisotropic magnetic field. 

[0089] Where the antif erromagnetic layer 4 is made of the 
X-Mn-X' alloy (wherein X' is at least one of Ne, Ar, Kr, Xe, 
Be, B, C, N, Mg, Al, Si, P, Ti, V, Cr, Fe, Co, Ni, Cu, Zn, 
Ga, Ge, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb, 
and the rare earth elements), the X-Mn-X' alloy is formed by 
the sputtering process, and comprises an interstitial solid 
solution in which the element X' enters the interstices of a 
space lattice composed of the element X and Mn, or a 
substitutional solid solution in which the lattice points of 
a crystal lattice composed of the element X and Mn are 

partly replaced by Jthe element X 9 . - — 

[0090] The lattice constant of the antif erromagnetic layer 
4 containing the element X' is increased, as compared with 
the antif erromagnetic layer 4 not containing the element X' . 
Therefore, in the deposition step (before heat treatment), 
the interface structure between the antif erromagnetic layer 
4 and the pinned magnetic layer 3 can be maintained in the 
incoherent state. 
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[0091] In the present invention, the composition ratio of 
the element X' of the film is preferably set in the range of 
0.2 to 10 at%, more preferably in the range of 0 . 5 to 5 at%. 
With the composition ratio of the element X' in this range, 
and the ratio X : Mn of the element X and Mn in the range of 
4 : 6 to 6 : 4 , a larger exchange coupling magnetic field 
can be obtained. 

[0092] In the present invention, in the antif erromagnetic 
layer 4 made of the X-Mn-X' alloy and formed below the 
pinned magnetic layer 3 as shown in Fig. 2, the composition 
ratio of elements X + X' of the X-Mn-X' alloy is preferably 
in the range of 44 to 57 at%, and more preferably in the 
range of 46 to 55 at%. 

[0093] Magnetization of the pinned magnetic layer 3 shown 
in Fig. 2 is put into the single domain state and pinned in 
the Y direction shown in Fig. 2 by the exchange anisotropic 
magnetic field produced at the interface with the 

antiferromagnetic layer_ 4 — 

[0094] As shown in Fig. 2, the exchange bias layers 9 
(antiferromagnetic layers) are formed on the free magnetic 
layer 1 with a space corresponding to the track width Tw 
between both exchange bias layers 9 . Each of the exchange 
bias layers 9 is made of the X-Mn alloy (wherein X is at 
least one element of Pt , Pd, Ir, Rh, Ru, and Os), preferably 
the PtMn alloy, or the X-Mn-X' alloy (wherein X' is at least 
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one of Ne, Ar, Kr, Xe, Be, B, C, N, Mg, Al , Si, P, Ti, V, Cr, 
Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, 
Ta, W, Re, Au, Pb, and the rare earth elements). 
[0095] The composition ratio of the element X of the X-Mn 
alloy is preferably in the range of 47 to 57 at%, and more 
preferably in the range of 50 to 56 at%. This composition 
range is the same as the antif erromagnetic layer 4 described 
with reference to Fig. 1. In the X-Mn-X' alloy, the 
composition ratio of the element X' is preferably set in the 
range of 0.2 to 10 at%, more preferably in the range of 0.5 
to 5 at% . The ratio X : Mn of the element X to Mn is 
preferably in the range of 4 : 6 to 6 : 4. Furthermore, the 
composition ratio of elements X + X' of the X-Mn-X' alloy is 
preferably in the range of 47 to 57 at%, and more preferably 
in the range of 50 to 56 at%. 

[0096] With the composition in the above ranges, the 
crystal structure between the free magnetic layer 1 and the 
exchange bias layers 9 is in the incoherent state, and thus- 
an exchange anisotropic magnetic field of 400 (Oe) or more 
can be obtained at least in the interface. However, as 
shown in Fig. 2, the exchange bias layers 9 are not formed 
in the portion with the track width Tw, and thus both side 
portions of the free magnetic layer 1 are put into the 
single domain state in the X direction shown in Fig. 2 by 
the great influence of the exchange anisotropic magnetic 



field. However, magnetization of the track width Tw portion 
of the free magnetic layer 1 is appropriately oriented in 
the X direction in response to an external magnetic field. 
[0097] In the thus-formed single spin valve thin film 
element, magnetization of the track width Tw portion of the 
free magnetic layer 1 is changed from the X direction to the 
Y direction shown in the drawing by the external magnetic 
field in the Y direction. The electric resistance changes 
based on the change in the magnetization direction in the 
free magnetic layer 1 and the relation to the pinned 
magnetization direction (the Y direction shown in the 
drawing) of the pinned magnetic layer 1 so that a leakage 
magnetic field from the recording medium is detected by a 
voltage change based on the change in the electric 
resistance . 

[0098] Fig. 3 is a sectional view of the structure of a 
dual spin valve thin film element according to a third 
embodiment of the. present- invention . - As shown in Fig . "3 f an 
underlying layer 6, an antif erromagnetic layer 4, a pinned 
magnetic layer 3, a nonmagnetic conductive layer 2, and a 
free magnetic layer 1 are continuously laminated from the 
bottom. Furthermore, a nonmagnetic conductive layer 2, a 
pinned magnetic layer 3, an antif erromagnetic layer 4 and a 
protecting layer 7 are continuously laminated on the free 
magnetic layer 1. Furthermore, hard bias layers 5 and 
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conductive layers 8 are laminated on both sides of the 
multilayer film ranging from the underlying layer 6 to the 
protecting layer 7. Each of the layers is made of the same 
material as Figs . 1 and 2 . 

[0099] As shown in Fig. 3, the ant if err omagne t ic layer 4 ' 
formed below the free magnetic layer 1 is formed below the 
pinned magnetic layer 3. Therefore, like the 
antif erromagnetic layer 4 shown in Fig. 2, the composition 
ratio of the element X of the X-Mn alloy, which constitutes 
the antif erromagnetic layer 4 , is preferably in the range of 
44 to 57 at%, and more preferably in the range of 46 to 55 
at%. 

[00100] The antif erromagnetic layer 4 formed above the free 
magnetic layer 1 is formed on the pinned magnetic layer 3. 
Therefore, like the antif erromagnetic layer 4 shown in Fig. 
1, the composition ratio of the element X of the X-Mn alloy, 
which constitutes the antif erromagnetic layer 4, is 
pref erably_ in the range of 47- to 57 at%- and more preferably 
in the range of 50 to 56 at%. 

[0101] With the composition ratios within the above ranges, 
the difference between the lattice constant of the 
antif erromagnetic layer 4 and the lattice constant of the 
pinned magnetic layer 3 before heat treatment can be 
increased to bring the interface structure before heat 
treatment into the incoherent state. Therefore, the crystal 
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structure of a portion of each of the antif erromagnetic 
layers 4 at the interface can be transformed, by heat 
treatment, from the disordered lattice to the ordered 
lattice necessary for exhibiting the exchange anisotropic 
magnetic field. In each of the antif erromagnetic layers 4 
made of the PtMn alloy, the ratio c/a of the lattice 
constants a and c of the antif erromagnetic layer 4 is 
preferably in the range of 0.93 to 0.99. Also, the 
antif erromagnetic layer 4 and the pinned magnetic layer 3 
have different crystal orientations, thereby more easily 
bringing the interface structure into the incoherent state. 
[0102] With the composition in the above ranges, an 
exchange anisotropic magnetic field of at least 400 (Oe) or 
more can be obtained. However, the composition ratio of the 
element X of the antif erromagnetic layer 4 formed below the 
pinned magnetic layer 3 can be set in a wider range than the 
antif erromagnetic layer 4 formed on the pinned magnetic 

layer 3 . 

[0103] In each of the antif erromagnetic layers 4 made of 
the X-Mn-X' alloy, the composition ratio of the element X' 
is preferably set in the range of 0.2 to 10 at%, and more 
preferably in the range of 0.5 to 5 at% . The ratio X : Mn 
of the element X to Mn is preferably in the range of 4 : 6 
to 6 : 4 . 

[0104] In the antif erromagnetic layer 4 formed below the 
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free magnetic layer 1, the composition ratio of elements X + 
X' of the X-Mn-X f alloy, which constitutes the 
antif erromagnetic layer 4, is preferably in the range of 44 
to 57 at%, and more preferably in the range of 46 to 55 at%. 
[0105] In the antif erromagnetic layer 4 formed above the 
free magnetic layer 1, the composition ratio of elements X + 
X f of the X-Mn-X 1 alloy, which constitutes the 
antif erromagnetic layer 4, is preferably in the range of 47 
to 57 at%, and more preferably in the range of 50 to 56 at%. 
[0106] With the composition ratios within the above ranges, 
the difference between the lattice constant of the 
antif erromagnetic layer 4 and the lattice constant of the 
pinned magnetic layer 3 before heat treatment can be 
increased to bring the interface structure before heat 
treatment into the incoherent state. Therefore, the crystal 
structure of a portion of each of the antif erromagnetic 
layers 4 at the interface can be transformed, by heat 

treatment, from the disordered lattice to the ordered _ _ - 

lattice necessary for exhibiting the exchange anisotropic 
magnetic field. 

[0107] Like in the single spin valve thin film element 
shown in Fig. 1, in the dual spin valve thin film element, 
each of the pinned magnetic layers 3 is put into the single 
domain state and pinned in the Y direction shown in Fig. 3 
by the exchange anisotropic magnetic field, and 



magnetization of the free magnetic layer 1 is oriented in 
the X direction shown in the drawing by the influence of the 
hard bias layers 5 . 

[0108] When a stationary current is supplied to the free 
magnetic layer 1 , the nonmagnetic conductive layer 2 , and 
the pinned magnetic layers 3 from the conductive layers 8, 
and a magnetic field is applied from a recording medium in 
the Y direction, the magnetization direction of the free 
magnetic layer 1 is changed from the X direction to the Y 
direction. At the same time, spin-dependent conduction 
electron scattering occurs at the interfaces between the 
nonmagnetic conductive layers 2 and the free magnetic layer 
1 and the interfaces between the nonmagnetic conductive 
layers 2 and the pinned magnetic layers 3 to change the 
electric resistance. As a result, a leakage magnetic field 
from the recording medium can be detected . 

[0109] In each of the single spin valve thin film elements 
shown in Figs. 1 and 2, .spin-dependent -electron- scattering 
occurs at the two positions including the interface between 
the nonmagnetic conductive layer 2 and the free magnetic 
layer 1, and the interface between the nonmagnetic 
conductive layer 2 and the pinned magnetic layer 3. However 
in the dual spin valve thin film element shown in Fig. 3, 
spin-dependent electron scattering occurs at the four 
positions including the two interfaces between the 
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nonmagnetic conductive layers 2 and the free magnetic layer 
1, and the two interfaces between the nonmagnetic conductive 
layers 2 and the pinned magnetic layers 3, thereby producing 
a high rate of change in resistance, as compared with the 
single spin valve thin film element. 

[0110] Fig. 4 is a sectional view of the structure of an 
AMR thin film element according to a fourth embodiment of 
the present invention. As shown in Fig. 4, a soft magnetic 
layer (SAL layer) 10, a nonmagnetic layer (SHUNT layer) 11, 
and a magnetoresistive layer (MR layer) 12 are continuously 
laminated from the bottom. For example, the soft magnetic 
layer 10 is made of a Fe-Ni-Nb alloy, the nonmagnetic layer 
11 is made of a Ta film, and the magnetoresistive layer is 
made of a NiFe alloy. 

[0111] Exchange bias layers ( antif erromagnetic layers) 9 
are formed on both side portions of the magnetoresistive 
layer 12 with a space corresponding to the track width Tw in 

the X direction ,„ and conductive layers -13 made of a Cr film 

are formed on the exchange bias layers 9. 

[0112] Like the exchange bias layers 9 shown in Fig. 2, 
each of the exchange bias layers 9 shown in Fig. 4 is made 
of the X-Mn alloy, preferably the PtMn alloy. The 
composition ratio of the element X of the X-Mn alloy is 
preferably in the range of 47 to 57 at%, and more preferably 
in the range of 50 to 56 at%. 
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[0113] Alternatively, each of the exchange bias layers 9 is 
made of the X-Mn-X' alloy (wherein X' is at least one of Ne, 
Ar, Kr, Xe, Be, B, C, N, Mg, Al, Si, P, Ti, V, Cr, Fe, Co, 
Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, 
Re, Au, Pb, and the rare earth elements). The composition 
ratio of the element X f is preferably set in the range of 
0.2 to 10 at%, more preferably in the range of 0.5 to 5 at%. 
The ratio X : Mn of the element X to Mn i s preferably in the 
range of 4 : 6 to 6 : 4. Furthermore, like in the exchange 
bias layers 9 shown in Fig . 2 , in the exchange bias layers 9 
shown in Fig. 4, the composition ratio of elements X + X' of 
the X-Mn-X' alloy is preferably in the range of 47 to 57 at%, 
and more preferably in the range of 50 to 56 at%. 
[0114] With the X-Mn alloy or X-Mn-X' alloy having the 
composition ratios in the above ranges, the interface 
structures between the exchange bias layers 9 and the 
magnetoresistive layer 12 are in the incoherent state. 
Therefore , with the magnetoresistive layer -12 made of a NiFe— 
alloy having a thickness of 200 to 300 angstroms, an 
exchange anisotropic magnetic field of about 40 to 110 (Oe) 
can be obtained at the interfaces. Particularly, with the 
magnetoresistive layer 12 made of a NiFe alloy having a 
thickness of about 200 angstroms, an exchange anisotropic 
magnetic field of about 60 to 110 (Oe) can be obtained. As 
a results, the B regions of the magnetoresistive layer 12 
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shown in Fig. 4 are put into the single domain state in the 
X direction. This induces orientation of magnetization in 
the X direction in the A region of the magnetoresistive 
layer 12. In addition, a current magnetic field produced 
when a sensing current flows through the magnetoresistive 
layer 12 is applied to the soft magnetic layer 10 in the Y 
direction, and a lateral bias magnetic field is applied in 
the Y direction to the A region of the magnetoresistive 
layer 12 due to the magnetostatic coupling energy produced 
by the soft magnetic layer 10. When the lateral bias 
magnetic field is applied to the A region of the 
magnetoresistive layer 12, which is put into the single 
domain state in the X direction, changes in resistance 
(magnetoresistive characteristic: H-R effect characteristic) 
of the A region of the magnetoresistive layer 12 with 
changes in the magnetic field are set to a linear state. 
When a leakage magnetic field in the Y direction is applied 

from the recording medium moyed in the Z direction, the 

resistance value of the A region of the magnetoresistive 
layer 12 is changed, and the change in the resistance value 
is detected as a voltage change. 

[0115] As described above, in the present invention, the 
antif erromagnetic layer 4 (or the exchange bias layers 9) is 
made of the X-Mn alloy (wherein X is at least one element of 
Pt, Pd, Ir, Rh, Ru, and Os ) , preferably the PtMn alloy. In 



this case, the composition ratio of the antif erromagnetic 
layer 4 is appropriately controlled so that the interface 
structure between the antif erromagnetic layer and the pinned 
magnetic layer 3 (or the free magnetic layer 1 or the 
magnetoresistive layer 12) formed in contact with the 
antif erromagnetic layer 4 can be put into the incoherent 
state, thereby producing a larger exchange anisotropic 
magnetic field and improving reproducing characteristics as 
compared with a conventional element. Alternatively, 
besides the element X and Mn, element X' (wherein X' is at 
least one element of Ne, Ar, Kr, Xe, Be, B, C, N, Mg, Al, Si, 
P, Ti, V, Cr, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, Cd, 
Ir, Sn, Hf , Ta, W, Re, Au, Pb, and the rare earth elements) 
is added as a third element to the antif erromagnetic layer 
(or the exchange bias layers 9) to increase the lattice 
constant of the antif erromagnetic layer 4, as compared with 
a case in which the element X' is not added. Therefore, the 
interface^ structure between the antif erromagnetic layer 4 
and the pinned magnetic layer 3 (or the free magnetic layer 
1 or the magnetoresistive layer 12) formed in contact with 
the antif erromagnetic layer 4 can be put into the incoherent 
state, thereby producing a larger exchange anisotropic 
magnetic field and improving reproducing characteristics as 
compared with a conventional element. The antif erromagnetic 
layer 4 and the pinned magnetic layer 3 preferably have 
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different crystal orientations from the viewpoint that the 
interface structure can easily be put into the incoherent 
state. 

[0116] The reason why the exchange anisotropic magnetic 
field can be obtained by bringing the interface structure 
into the incoherent state is that the crystal structure of 
the antif erromagnetic layer 4 can be transformed from the 
disordered lattice to the ordered lattice by heat treatment. 
However, when the crystal structure is completely 
transformed to the ordered lattice, a problem of adhesion 
occurs. Therefore, only a portion of the crystal structure 
is preferably transformed to the ordered lattice. For 
example, in the antif erromagnetic layer 4 made of the PtMn 
alloy, the ratio c/a of the lattice constants a and c of the 
antif erromagnetic layer 4 after heat treatment is preferably 
in the range of 0.93 to 0.99 (when the crystal structure is 
completely transformed to the ordered lattice, the ratio c/a 

of the lattice constants a and c_is_ 0_. 9_1 8 ) ._ _ .— - — 

[0117] In the present invention, the structure of the 
magnetoresistive element layer is not limited to the 
structures shown in Figs. 1 to 4. For example, in the 
single spin valve thin film element shown in Fig. 1, 
exchange bias layers may be formed below the free magnetic 
layer 1 with a space corresponding to the track width Tw 
between both exchange bias layers without formation of the 



hard bias layers 5. In the single spin valve thin film 
element shown in Fig . 2 , hard bias layers may be formed on 
both sides of the multilayer film ranging from the 
underlying layer 6 to the protecting layer 7 or both sides 
of at least the free magnetic layer 1 without formation of 
the exchange bias layers 9 . 

[0118] Fig, 5 is a sectional view of the structure of a 
reading head comprising each of the magnetoresistive element 
layers shown in Figs. 1 to 4 , as viewed from the side facing 
a recording medium. Reference numeral 20 denotes a lower 
shield layer made of, for example, a NiFe alloy, a lower gap 
layer 21 being formed on the lower shield layer 20. The 
same magnetoresistive element layer 22 as shown in each of 
the Figs. 1 to 4 is formed on the lower gap layer 21, and an 
upper gap layer 23 is formed on the magnetoresistive element 
layer 22. Furthermore, an upper shield layer 24 made of a 
NiFe alloy is formed on the upper gap layer 23. 
[0JL19] Each of the lower gap layer 21- and- the- upper gap — 
layer 23 is made of an insulating material, for example, 
Si0 2 or A1 2 0 3 (alumina). As shown in Fig. 5, the length from 
the lower gap layer 21 to the upper gap layer 23 is 
represented by a gap length Gl. It is possible to cope with 
a higher recording density as the gap length Gl decreases. 
[0120] 

[Examples] In the present invention, a multlayer film 
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having the film structure below was deposited, and the 
relation between the amount of Pt which was a constituent 
element of an ant if erromagnetic layer, and the lattice 
constant of the antif erromagnetic layer was examined. In 
the film structure. Si substrate/alumina/underlying layer: 
Ta (100) /pinned magnetic layer: NiFe (300)/ 

antif erromagnetic layer: PtMn (300)/Ta (100), these layers 
were laminated in this order from the bottom. Each 
numerical value in parentheses represents the thickness by 
angstroms. In experiment, the relation between the Pt 
amount and the lattice constant of the antif erromagnetic 
layer in a state before heat treatment was determined by 
peak positions in a diffraction pattern obtained by a X-ray 
diffraction 6/29 method. 

[0121] Fig. 6 indicates that the lattice constant of the 
antif erromagnetic layer (PtMn) increases as the Pt amount 
increases. Fig. 6 also indicates that the lattice constant 
of a NiFe alloy, a CoFe alloy pr_ Co which constitutes -the 
pinned magnetic layer is in the range of about 3.6 to 3.6. 
[0122] Next, two multilayer films comprising the 
antif erromagnetic layers respectively formed on and below 
the pinned magnetic layers were deposited by the DC 
magnetron sputtering process, and the relation between the 
amount of Pt (a constituent element of the antif erromagnetic 
layer) and the exchange anisotropic magnetic field was 
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examined after heat treatment. The experimental results are 
shown in Fig. 7. 

[0123] In the film structure. Si 
substrate/alumina/underlying layer: Ta (50)/ 
antif erromagnetic layer: PtMn (300) /pinned magnetic layer: 
Co 90 Fe 10 ( 30 ) /protecting layer: Ta (100), these layers were 
laminated in this order from the bottom, and thus the 
antif erromagnetic layer was formed below the pinned magnetic 
layer. In the other film structure. Si substrate/alumina/ 
underlying layer: Ta (50) /pinned magnetic layer: Co 90 Fe 10 
( 30 ) /antif erromagnetic layer ( 300 ) /protecting layer: Ta 
(100), these layers were laminated in this order from the 
bottom, and thus the antif erromagnetic layer was formed on 
the pinned magnetic layer. Each numerical value in 
parentheses represents the thickness by angstroms. 
[0124] The heat treatment step was performed under 
conditions in which the temperature was increased over 3 

hours, and a temperature_of 240° C was maintained for-3 hours, 

and then decreased over 3 hours . In heat treatment , the 
degree of vacuum was 5 x 10" 6 Torr or less. 

[0125] Fig. 7 indicates that in both the case in which the 
antif erromagnetic layer ( PtMn alloy) was formed below the 
pined magnetic layer, and the case in which the 
antif erromagnetic layer ( PtMn alloy) was formed on the pined 
magnetic layer , the exchange anisotropic magnetic field 
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increases as the Pt amount increased to about 50 at% # and 
then gradually decreases as the Pt amount increases from 
about 50 at% . 

[0126] It is also found to be preferable that in order to 
obtain an exchange anisotropic magnetic field of 400 (Oe) or 
more, the Pt amount is appropriately controlled in the range 
of 44 to 57 at% when the ant if erromagnetic layer is formed 
below the pinned magnetic layer, and the Pt amount is 
controlled in the range of 47 to 57 at% when the 
antif erromagnetic layer is formed on the pinned magnetic 
layer . 

[0127] It is also found to be preferable that in order to 
obtain an exchange anisotropic magnetic field of 600 (Oe) or 
more, the Pt amount is appropriately controlled in the range 
of 46 to 55 at% when the antif erromagnetic layer is formed 
below the pinned magnetic layer, and the Pt amount is 
controlled in the range of 50 to 56 at% when the 

antif erromagnetic layer is ._f ormed _on_the pinned magnetic — - — 

layer . 

[0128] On the basis of the above experimental results, four 
types of multilayer films were deposited as examples in 
which the composition ratio of the antif erromagnetic layer 
(PtMn) was appropriately controlled, and a multilayer film 
was deposited as a comparative example to examine 
orientation and the exchange anisotropic magnetic field, etc. 



of each of the films . The experimental results are shown 
Table 1 . 
[0129] 
[Table 1] 
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The multilayer films of Examples 1 to 3 are single spin 
valve thin film elements, and the multilayer film of Example 
4 is a dual spin valve thin film element. The multilayer 
film of Comparative Example 5 has the same film structure as 
the multilayer film of Example 3 except the composition 
ratio of the antif erromagnetic layer (PtMn) is different. 
[0130] In the multilayer film of Example 1, Co-Fe and Ni-Fe 
are laminated on Cu (nonmagnetic conductive layer) to form a 
free magnetic layer comprising the two layers. Similarly, 
in the multilayer film of Example 3, Ni-Fe and Co-Fe are 
laminated below Cu (nonmagnetic conductive layer) to form a 
free magnetic layer comprising the two layers. In the 
multilayer film of Example 4, Co-Fe, Ni-Fe and Co-Fe are 
laminated between two Cu layers (nonmagnetic conductive 
layers) to form a free magnetic layer comprising the tree 
layers . 

[0131] As shown in Table 1, the multilayer films of 
Examples 1 to 4 show "no 11 lattice matching. at „the ...interface- 
between PtMn (antif erromagnetic layer) and CoFe (pinned 
magnetic layer) , while the mutlilayer film of Comparative 
Example 5 shows the "presence" of lattice matching at the 
interface. In the column of "Degree of order of PtMn after 
heat treatment at 240° C", the multilayer films of Examples 1 
to 4 are marked by O, and the mulit layer film of Comparative 
Example 5 is marked by x. 



[0132] Furthermore, in the columns of "Exchange anisotropic 
magnetic field" and "Rate of change in resistance", each of 
the multilayer films of Examples 1 to 4 shows a high 
exchange anisotropic magnetic field and a high rate of 
change in resistance, while the amultilayer film of 
Comparative Example 5 shows a lower exchange anisotropic 
magnetic field and a lower rate of change in resistance than 
the multilayer films of Examples 1 to 4 . 

[0133] The above experimental results are related to the 
composition ratio of the PtMn alloy. As shown in Table 1, 
the Pt amount of PtMn of Comparative Example 5 is 44 at%, 
while the Pt amounts of PtMn of Examples 1 to 4 are 49 to 51 
at%. 

[0134] Referring to Fig. 6 (before heat treatment), 
therefore, the lattice constant of PtMn of Comparative 
Example 5 is smaller than the lattice constants of PtMn of 
Examples 1 to 4, and the difference between the lattice 
constants of PtMn ( antif erromagnetic layer ) -and Co-Fe - 
(pinned magnetic layer) of Comparative Example 5 is smaller 
then the differences of Examples 1 to 4 . 
[0135] Namely, in the multilayer film of Comparative 
Example 5, the interface structure between PtMn and CoFe is 
easily put into the coherent state before heat treatment, 
while in the mulitlayer films of Examples 1 to 4, the 
interface structures between PtMn and CoFe are easily put 



into the incoherent state. 

[0136] In Examples 1 to 4 , and Comparative Example 5, the 
PtMn crystal structure before heat treatment comprises a 
disordered lattice (face-centered cubic lattice), but in 
Comparative Example 5 in which the crystal structure is in 
the coherent state, the crystal structure of PtMn is not 
transformed from the disordered lattice to the ordered 
lattice even by heat treatment, failing to order the crystal 
structure - 

[0137] However, in the multilayer films of Examples 1 to 4 
in which the interface structure is in the incoherent state, 
the PtMn crystal structure is partially transformed from the 
disordered lattice to the ordered lattice (Ll Q -type face- 
centered tetragonal lattice), thereby sufficiently ordering 
the crystal structure. 

[0138] Fig. 8 is a high-resolution TEM photograph showing 
the interface structure of PTMn and CoFe of Example 3 after 
heat treatment . _Fig._ 8_ reveals that -in the interf ace 
between PtMn and CoFe, the arrangement direction of PtMn 
atoms does not agree with the arrangement direction of CoFe 
atoms to create the incoherent state. 

[0139] On the other hand. Fig. 9 is a high-resolution TEM 
photograph showing the interface structure of PtMn and CoFe 
of Comparative Example 5 after heat treatment. Fig. 9 
reveals that in the interface between PtMn and CoFe, the 
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arrangement direction of PtMn atoms agreed with the 
arrangement direction of CoFe atoms to create the coherent 
state . 

[0140] Fig. 10 shows experimental results of measurement of 
the degree of order of PtMn of the multilayer film of 
Example 3 after heat treatment, and Fig. 11 shows 
experimental results of measurement of the degree of order 
of PtMn of the multilayer film of Comparative Example 5 
after heat treatment. In experiment, the angle formed by 
two equivalent {111} planes of PtMn was measured to 
determine the degree of order from the angle. In the 
figures, the distance from the interface between PtMn and 
CoFe to the PtMn side is shown on the abscissa. 
[0141] Fig. 10 indicates that the measurements of the angle 
formed by the {111} planes range from about 65° to about 72° , 
and thus the PtMn crystal structure is partially changed 
from the disordered lattice before heat treatment to the 

ordered lattice. __ ._ _ 

[0142] On the other hand. Fig. 11 indicates that the 
measurements of the angle formed by the {111} planes range 
from about 70° to about 71° , and thus the PtMn crystal 
structure is maintained in the disordered lattice before 
heat treatment even by performing heat treatment . 
[0143] As described above, in the multilayer films of 
Examples 1 to 4, the Pt amount of PtMn is controlled in 4 9 
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to 51 at% so that the interface structure can be put into 
the incoherent state, thereby appropriately progressing 
ordering. As shown in Fig. 7, the exchange anisotropic 
magnetic field produced at the interface between PtMn and 
CoFe is of a high value. 

[0144] On the other hand, in the multilayer film of 
Comparative Example 5, the Pt amount of PtMn is as low as 44 
at%, and thus the interface structure is in the coherent 
state, thereby failing to progress ordering. As shown in 
Fig. 7, the exchange anisotropic magnetic field produced at 
the interface between PtMn and CoFe is of a low value. In 
order to bring the interface structure between PtMn and CoFe 
into the incoherent state, PtMn and CoFe preferably have 
different crystal orientations. 

[0145] In Table 1, in the column of the degree of 
orientation of the {111} plane, "high", "middle" and "low" 
represent the degrees of preferential orientation in the 

direction of the f ilm plane . As _shown_ in Table 1 , in- — 

Comparative Example 5, both PtMn and CoFe (pinned magnetic 
layer) exhibit "high" degrees of orientation of the {111} 
planes . 

[0146] This is due to the fact that in the film structure 
of Example 3, NiFe, CoFe (free magnetic layer), Cu 
(nonmagnetic conductive layer) and CoFe (pinned magnetic 
layer) formed on Ta are strongly affected by Ta of the 
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underlying layer to increase the degrees of orientation of 
the {111} planes. Referring to Fig. 6, the difference 
between the lattice constant of CoFe (pinned magnetic layer) 
and the lattice constant of PtMn (antif erromagnetic layer) 
before heat treatment is small, and thus the {111} plane of 
PtMn is greatly affected by the degree of orientation of the 
{111} plane of CoFe to be preferentially oriented in the 
direction of the film plane, 

[0147] On the other hand, in Example 3, NiFe, CoFe (free 
magnetic layer) , Cu (nonmagnetic conductive layer) and CoFe 
(pinned magnetic layer) formed on Ta are strongly affected 
by Ta of the underlying layer to increase the degrees of 
orientation of the {111} planes. However, referring to Fig. 
6, the difference between the lattice constant of CoFe 
(pinned magnetic layer) and the lattice constant of PtMn 
(antif erromagnetic layer) before heat treatment is large, 
and thus the {111} plane of PtMn is less affected by the 

degree of orientation of the {111} plane Qf.CoFe.-__to_.be. less 

oriented in the direction of the film plane. 
[0148] In Examples 1 and 2 in which CoFe (pinned magnetic 
layer) is laminated on PtMn, the degree of orientation of 
the {111} plane of CoFe is decreased due to formation of 
CoFe on PtMn, thereby automatically orienting PtMn and CoFe 
crystals in different directions. 

[0149] In the present invention, next, an antif erromagnetic 



layer made of a Pt-Mn-X' alloy (X' = Ar) was formed to 
examine the relation between the amount of element X' and 
the lattice constant of the Pt-Mn-X 1 alloy. The film used 
in experiment had the structure Si substrate/alumina/Ta 

* 

(50)/ Co 90 Fe 10 (30) /Pt-Mn-X' (300)/Ta (100). Each numerical 
value in parentheses represents the thickness by angstroms. 
[0150] In depositing the antif erromganetic layer, a Pt-Mn- 
X' (X' = Ar) alloy film was formed by DC magnetron 
sputtering or ion beam sputtering in a sputtering apparatus 
using each of three types of targets comprising Pt and Mn at 
ratios of 6 : 4. 5 : 5 and 4 : 6 under varying pressures of 
Ar gas introduced as the element X 1 . Then, the relation 
between the X' (X' = Ar) amount of the alloy film and the 
lattice constant of Pt-Mn-X' (X' = Ar) was measured. The 
experimental results are shown in Fig. 12. 
[0151] Fig. 12 indicates that in the case in which the 
composition ratio of Pt and Mn is any one of 6:4,5:5 
_ and 4 : -6, the -lattice- constant of Pt-Mn-X ' — (X' =- Ar ) — 
increases as the amount of the element X' (X' = Ar) 
increases. The lattice constant of the NiFe alloy, the CoFe 
alloy or Co, which constitutes the pinned magnetic layer, 
lies in the range of about 3.5 to 3.6, as shown in Fig. 12. 
In this experiment, the amount of the element X' (X' = Ar) 
was increased to about 4 at%, and a case with a content 
higher than this amount was not examined. This is because 
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Ar as the element X' is a gaseous element, and thus Ar 
cannot be easily contained in the film even by increasing 
the gas pressure. 

[0152] Next, the Pt-Mn-X' (X' = Ar) alloy films used in the 
above experiment were heat-treated as described below. The 
heat treatment step was performed under conditions in which 
the temperature was increased over 3 hours, and a 
temperature of 240° C was maintained for 3 hours and then 
decreased over 3 hours. In the heat treatment, the degree 
of vacuum was 5 x 10~ 6 Torr. 

[0153] Fig. 13 is a graph showing the relation between the 
amount of the element X' (X = Ar) of the Pt-Mn-X' (X' = Ar) 
alloy film and the magnitude of the exchange coupling 
magnetic field produced at the interface between the 
antif erromagnetic layer and the pinned magnetic layer by 
heat treatment. Fig. 13 indicates that the exchange 
coupling magnetic field increases as the amount of the 
element X ' (X 1 = Ar) increases . Namely , _by adding- the- 
element X' (X f = Ar) to PtMn, a larger exchange coupling 
magnetic field can be obtained, as compared with the case in 
which the element X' (X' = Ar) is not added. 

[0154] In the present invention, next, an antif erromagnetic 
layer made of a Pt-Mn-X' (X' = Mo) alloy was formed by using 
another element X' to examine the relation between the 
amount of the element X' (X = Mo) and the lattice constant 
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of the Pt-Mn-X' (X' = Mo) alloy film. The film used in 
experiment had the structure Si substrate/alumina/Ta (50)/ 
Co 90 Fe 10 (30)/Pt-Mn-X' (300)/Ta (100). Each numerical value 
in parentheses represents the thickness by angstroms. 
[0155] In depositing the antif erromagnetic layer, a 
composite target comprising a PtMn target and a chip of 
element X' (X f = Mo) bonded thereto was prepared, and the 
area ratio of the chip to the target was changed to change 
the amount of the element X' (X 1 = Mo) of the film in 
measurement of the relation between the amount of the 
element X' (X' = Mo) and the lattice constant of the Pt-Mn- 
X' (X' = Mo) alloy. The experimental results are shown in 
Fig. 14. 

[0156] Fig. 14 indicates that in the case in which the 
composition ratio of Pt and Mn is any one of 6:4,1:1 
and 4:6, the lattice constant of Pt-Mn-X' (X f = Mo) 
increases as the amount of the element X' (X* = Mo) 

increases. The lattice constant _of ±he NiEe alloy, -the GoFe - 

alloy or Co, which constitutes the pinned magnetic layer, 
lies in the range of about 3.5 to 3.6, as shown in Fig. 14. 
[0157] Next, the Pt-Mn-X' (X' = Ar) alloy films used in the 
above experiment were heat-treated as described below. The 
heat treatment step was performed under conditions in which 
the temperature was increased over 3 hours, and a 
temperature of 240° C was maintained for 3 hours and then 
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decreased over 3 hours. In the heat treatment, the degree 
of vacuum was 5 x 10" 6 Torr. 

[0158] Fig. 15 shows a graph showing the relation between 
the content of the element X' (X f = Mo) of the Pt-Mn-X' (X' 
= Mo) alloy film, and the magnitude of the exchange coupling 
magnetic field produced at the interface between the 
antif erromagnetic layer and the pinned magnetic layer by 
heat treatment. Fig. 15 indicates that with any of the 
Pt/Mn composition ratios of 6 : 4 , 1 : 1 and 4:6, the 
exchange coupling magnetic field gradually decreases as the 
amount of the element X f (X' = Mo) increases from about 3 
at%. Particularly, with the film having the amount of the 
element X' (X f = Mo) of about 10 at% or more, even when the 
composition ratio of Pt to Mn is 1 : 1, the exchange 
coupling magnetic field is undesirably decreased. 
[0159] The appropriate content of the element X' (X' = Mo) 
is preferably set so that the exchange coupling magnetic 

field is larger than that produced—when the-element -X 1 - (X 1 - = 

Mo) is not contained, i.e., when the amount of the element 
X' (X f = Mo) is 0 at%. With the Pt/Mn composition ratio of 
6:4, when the amount of the element X 1 ( X ' = Mo ) is about 
1 at% or less, the exchange coupling magnetic field is 
larger than that when the amount of the element X' (X* = Mo) 
is 0 at%. With the Pt/Mn composition ratio of 1 : 1, when 
the amount of the element X' (X* = Mo) is about 7 at% or 



less, the exchange coupling magnetic field is larger than 
that when the amount of the element X' (X' = Mo) is 0 at%. 
With the Pt/Mn composition ratio of 4 : 6, when the amount 
of the element X' (X' = Mo) is about 10 at% or less, the 
exchange coupling magnetic field is larger than that when 
the amount of the element X' (X' = Mo) is 0 at%. 
[0160] In the present invention, with an amount of element 
X f of about 0.5 at%, when the Pt : Mn composition ratio of 
6:4, the exchange coupling magnetic filed is maximum. 
Therefore, the appropriate lower limit of the amount of the 
element X' (X 1 = Mo) is set to 0.2 at% lower than 0.5 at%. 
[0161] In the present invention, on the basis of the above 
experimental results, the composition ratio of element X' is 
preferably in the range of 0.2 to 10 at%, and more 
preferably in the range of 0 . 5 to 5 at%. In the preferred 
composition range of the element X" , the ratio of Pt (= 
element X ) to Mn is in the range of 4 : 6 to 6 : 4, 

[0162J _. 

[Advantages] According to the present invention described 
in detail above, in an exchange coupling film comprising an 
ant if erromagnetic layer and a ferromagnetic layer, the 
ant if erromagnetic layer is made of X-Mn (wherein X is at 
least one element of Pt, Pd, Ir, Rh, Ru, and Os), and the 
composition ratio of the antif erromagnetic layer is 
appropriately controlled to bring the interface structure 



between the antif erromagnetic layer and the ferromagnetic 
layer (for example, a NiFe alloy) in an incoherent state, 
thereby obtaining a larger exchange anisotropic magnetic 
field. 

[0163] Alternatively, in the present invention, element X' 
(X' is at least one element of Ne, Ar, Kr, Xe, Be, B, C, N, 
Mg, Al, Si, P, Ti, V, Cr, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, 
Mo, Ag, Cd, Ir, Sn, Hf , Ta, W, Re, Au, Pb, and the rare 
earth elements) is dissolved in the X-Mn alloy film in a 
interstitial manner or substitutional manner to bring the 
interface structure between the antif erromagnetic layer and 
the ferromagnetic layer (for example, a NiFe alloy) in an 
incoherent state, thereby obtaining a larger exchange 
anisotropic magnetic field. 

[0164] In the step after heat treatment, the crystal 
structure of at least a portion of the antif erromagnetic 
layer comprises a Ll 0 type face-centered tetragonal lattice 

(ordered lattice ) , and_the ratio-c/a of the lattice - 

constants of a and c of the antif erromganetic layer is in 
the range of 0.93 to 0.99. This is preferred from the 
viewpoint that a larger exchange anisotropic magnetic field 
can be obtained. Furthermore, the antif erromagnetic layer 
and the pinned magnetic layer preferably have different 
crystal orientations from the viewpoint that the interface 
structure can easily be put into the incoherent state. 



[0165] As described above, an exchange coupling magnetic 
field in which the interface structure is in the incoherent 
state can be applied to a magnetoresistive element to 
increase the rate of change in resistance of the 
magnetoresistive element layer, thereby improving 
reproducing characteristics . 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a sectional view of the structure of a 
single spin valve thin film element according to a first 
embodiment of the present invention, as viewed from the ABS 
side . 

[Fig. 2] Fig. 2 is a sectional view of the structure of a 
single spin valve thin film element according to a second 
embodiment of the present invention, as viewed from the ABS 
side . 

[Fig. 3] Fig. 3 is a sectional view of the structure of a 
dual spin valve thin film element according to a third 
embodiment of the present invention , as_viewed from the_ABS. 
side . 

[Fig. 4] Fig. 4 is a sectional view of the structure of an 
AMR thin film element according to a fourth embodiment of 
the present invention, as viewed from the ABS side. 
[Fig. 5] Fig. 5 is a sectional view of a thin film magnetic 
head of the present invention, as viewed from a surface 
facing a recording medium. 



[Fig. 6] Fig. 6 is a graph showing the relation between the 
Pt amount and the lattice constant of an antif erromagnetic 
layer made of PtMn before heat treatment. 

[Fig. 7] Fig. 7 is a graph showing the relation between the 
Pt amount and the exchange anisotropic magnetic field of an 
antif erromagnetic layer made of PtMn. 

[Fig. 8] Fig. 8 is a high-resolution TEM photograph of a 
multilayer film of Example 3 shown in Table 1. 

[Fig. 9] Fig. 9 is a high-resolution TEM photograph of a 
multilayer film of Comparative Example 5 shown in Table 1. 

[Fig. 10] Fig. 10 is a graph showing the degree of order of 
PtMn (antif erromagnetic layer) of the multilayer film of 
Example 3 shown in Table 1 . 

[Fig. 11] Fig. 11 is a graph showing the degree of order of 
PtMn (antif erromagnetic layer) of the multilayer film of 
Example 5 shown in Table 1 . 

[Fig. 12] Fig. 12 is a graph showing the relation between 
the amount of element X 1 (X 1 ___=._ Ar.)_ and the lattice constant - 
of an antif erromagnetic layer made of Pt-Mn-X 1 (X' = Ar) . 
[Fig. 13] Fig. 13 is a graph showing the relation between 
the amount of element X' (X' = Ar) and the exchange coupling 
magnetic field of an antif erromagnetic layer made of Pt-Mn- 
X' (X f = Ar) . 

[Fig. 14] Fig. 12 is a graph showing the relation between 
the amount of element X' (X' = Mo) and the lattice constant 



of an antif erromagnetic layer made of Pt-Mn-X' (X' = Mo). 
[Fig. 15] Fig. 13 is a graph showing the relation between 
the amount of element X' (X f = Mo) and the exchange coupling 
magnetic field of an antif erromagnetic layer made of Pt-Mn- 
X' (X' = Mo) . 
[Reference Numerals] 

1 free magnetic layer 

2 nonmagnetic conductive layer 

3 pinned magnetic layer 

4 antif erromagnetic layer 

5 hard bias layer 

6 underlying layer 

7 protecting layer 

8 conductive layer 

9 exchange bias layer 

10 soft magnetic layer (SAL layer) 

11 nonmagnetic layer (SHUNT layer) 

12 magnet ores is t ive _layer. (MR_ layer.). - — 

20 lower shield layer 

21 lower gap layer 

22 magnetoresistive element layer 

23 upper gap layer 

24 upper shield layer 
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[FIG. 5] 
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[FIG. 3] 
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[FIG. 7] 
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[FIG. 8] 
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[FIG. 11] 
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[FIG. 13] 
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[ff^^2 1] f&fB&S&SmilT^ X-Mn-X' ^ 
& (/:/:lX' f4 N Ne, Ar, Kr, Xe, Be, 
B, C, N, Mg, Al, Si, P, Ti, V, C r , 
Fe, Co, Ni, C u , Z n , G a , G e , Z r , N 
b, Mo, A g , Cd, I r , Sn, Hf, Ta, W, 

Re, au, Pb, &mt;±m7zm<D o i m&tzte 2 

m&m<DTlZ.Ml&£thX& 9 , X-Mn-X' 

+ X' Wil&fifeltlia t%t, 4 4-5 7(0»"efc5 

fgsfc^l 3JfcV*Ll 5 C^v^■r^^^^cf^^£0^^j^^■^ 0 

[§§#^2 2] X-Mn^©X©E^it, &£VM4 
X-Mn-X' ^&C0X + X' (Dm&tt&a t%X, 4 
6-5 5 <D$Sffi^-C&5it^^2 0£*:tt:2 1IB&C032 

Tig J* Six* MffiEa«ttJa*©#ift&jfrterejMcJ; 0 

ttMjg ^79 — a^e^ife disss s«sji t 
titcmfem&m ^sMl4^^t»*«2 2ov^f 

ix*^lBtt$ix:fc£ife^lgfcl J; 9^S*iTV^5^ t 

h7!x^*STwOKHSS:S(t-CR3fiJKttJiasS.Ji& 
ix. fltMESaattJ! £ 7 !/ — «BM£Jgfcas. If^^l^v^ 

[fif:sfcjg2 5 3 7 y-«teJg©JiTlCJaJg£ixfc#« 

t, j: f? ^ti^twmfem&m&mit- 

tt js co aft rsj * IB @ mmm co m ft 1 ^ x 

Cco^^a^^i^UT^^^ix^lS^fiS^^,!: 255. If 
1 Jfc^LSS#Jfi2 2m^ixj&»teE«fc£ix;fc£&gr 

im^^2 6 ] #&&m&ifrvxmt2t>rLtzmfz.i&m 
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tt&^^2 2 cov>-r ix^^iagssnyt^^j^^m^i; t> 

JgfifcSixT^S C t ^^^i:-r^a^®in[^jm^^o 
[SJ*3®2 7] IS^^2 3 fcV^L2 6 0^1"ixa»{ce 

KJg#?gj£$ixTV>3 C t &%?&b-fz>mmmi«. 

[0 0 0 1 ] 

10 i&wnm-rz&mftw] #35 93*4, fc&m&m b&m 

ffEfit:3a»K^®iS5£*X (Ft, Pd^) tMni:^ 
H*tt«J?-Sr#6ix5 J: 5 ^ Ufc^^M^fc <t I5c co 

[ 0 0 0 21 

20 [^5f£coS^] xt'>s</u7MMmm*te, 

£t$)H£:?lJ^ LfcGMR (giant magnetoresis t i ve) ^ 
^CO l@-efo V} , a^- K^W ^^*ifoa5fitJBIfr*»5>0 
ie^a#^:^ai-r-5 t>cOT*fo-5 0 Cco^ b'V^/u^^^ 

[0003] mmxK'^s</\symnmm^-&, &*>mm 
30 t tt^u-c^^sn. wifcfc&m&m bmfem&m b <d 

[ 0 0 0 4 ] iffJfSE^&teJIICteF e -Mn (&-^r> 
£ N i — M n (^y^/P-^^^f 
©^SS^^^OJ^ y — fl^^^t^liN i - F 
e (sy^-tt) #BS&^m;§3 (CJiCu 

40 (^) Sfc/V77f^(iCo-P t 

[ 0 0 0 5] cco^ t" ^✓</u^St»KS?'¥-"Cf4. ^— K 
*if<oiaflkjaCfr*»&o»ix«ajSL{c: J: 9 , MSB 7 

[ 0 0 0 6] <t ^. ^>T% mr^b^:J;^tc v E^QJ^^ic 
14. Fe-Mn^lll^N i -Mn^M^i^bix5 
50 i>K Fe-Mn^Mli s a9Atti«ffi:<. 
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S^3B^i"S. mic^fb. N i -Mn^Ili, Fe 
-M n ^r&miz&^T. S£lftft*iS«#dSifctt6«)^:t 
<, UA»t>^n y*:^ 3 0 OTCtES^. fto 

10 0 0 7] B. Y . Wong, C. Mi t su 

m a t a , S. Prakash, D. E. Laughl 
in, and T . Kobayashi:journa 
lof Applied Phsysics, vol. 
79, NolO, p. 7 8 9 6 -p. 7904 (199 
6) fcf± % N i -Mn^M?:^^ftit Lti^fc 

&&iz&tfzm&R&m&mkm&m&m (NiFe^ 

[0 0 0 8] Z<D$&Jr\Z&, fNiFetNiMnOi^ 
-%<D {111} ffiasi&ffifcspfTirfcS <fc 5 fc* N i F e 
/N i Mn#®T<OMi^l^ot^tX^ 

S3Kfi*s#jR^A$Jx5C t J: 5fiftS^-cv^5. tz. 

[0 0 0 9] ftio, fi^ttt. *ffitC*S(t5RSfi»ttJi 
^^^^ £ ©M^# — tt<©#eB§^fc:ft v^ffi© r <h £r 

^ 5 o 

[0 0 10] N i Mn^T'^MttI^M^5i 

tt^^a_3^1fi$ 3 Cfcfc. , N_i -M.n^.&tfS^MliJ — 

[0011] M^I^^Ttt, N i MnM© 
*SiS*3gtt\ Ni, MnIE^<a&?iJJil#2S^&IiJft@4> 

^©^(CfcM^^N i -Mn^H<0^^a, c CO it 
c / a 13, 0 . 9 4 2 -C*>5 0 

[0 0 12] ^<D£? (^ 3Z±\Z.%im&+t*^KN i 
3#ffi-C©»-?£*tt v lfc«E«l/h* < ftoT*J 0\ &o 
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[0013] 

y^>^ffl.«t>*5 3 0 OTCtSKfto-CfctU »F 
10 ^*.fta»ofc„ 

[0 0 14] -er-csriffi-ctt^ it^icin, u»tN 

7tm*m\s^tzX-Mn&& (X=P t, Pd, I r, R 
h, Ru, Os) fcWtff^S. e^^TC^Sr-g- 

20 tc< < ft£. 

[00 15] irCL^T, rofi^i^ttSX- 

N i Mn^^cT)^, iffi&Lfc 

€ (NiFeM) ^^#®Mf^I^it/j:oTv^ 

30 la* A,if»£Lfti^£ i: 2^;b;^ofc 0 

[0 0 16] #36Bm±3Bf£3fe®R|§I&#&i-3fcfc<? 

#-vv^jfe-^tta#-^*^-5 * f 5^ 5 "fcTufc " ~ 

[0017] 

[^MSr^^ri-^^^cD^^:] 4c*MI4. S^^^^^: 

ft < t hTtmx (titzVXK^ P t , P d , I r , R 
h, Ru, O s <D 0 *>l,>-f Jxa» 1 iJttt 2S^±Otc 

^■cfc^) ^Mn t Sr^^r-rss^flati^^jfsf-c^^^ 
[0018] sfc. i^^is^tcio(t-5Siria^:^B£^^o 

4>ft < £ t> — «B<Z>ttfi«Sg#. LI o^Offi^jE^ffili] 
50 ^^<^:ftoT^5Ci:^^cp^u^^ 0 $ ic^c^i^-cd;. 
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[0019] *3SK-Ctt. BGE3iUtt#»<0 {111} ffi 
5<Ofcl*|-L, gtjgSS^a^^^ {111} cSOffifol^ 

(4, saiB3a«44ja<DiBi^jEj; 5 t/hsv^dv *> Sottas 
[0020] fcsvM^ fflr££&g&&ji<o {111} ® 
©fcatu. ^ria^a^^o {111} ©oga^is, atr 

[0 0 2 1 ] & 3 vm^ ffi££&ttti=JB £ aftWS-JB t O 
#®Jd¥fT^^fRl— cd. WESSfta-lftJi© {111} ® 
cDgSftg, :fci:t*f!fll23&8SteJi<D {111} I^SHlPlI 

stria { 111} #ffitc5FtTfc# 
[0022] *tc&&w-ete. aasasaft«ttSttx-M 

a, c cotf; c / a fci, 0. 9 3 — 0. 9 9©Mrtt$) 

[ 0 0 2 3] Sfcfi^SSWCtt:* 8&lBR3iHBte/lH:, x 
-M n - X' (fc*: LXI3. P t , Pd, I r , R 

h, Ru, o s <d ? %\<^'rtifrim^tzt3.2msi±(Djz 

mxhz>) -ei&f&zti^ ^risx-Mn-x' jt 

£ LT#V^*l3 X-Mn -X' tc^ X f* P t ~C 

Ate: J: o ^J&£*lTv>5 c t 

[ 0 0 2 4] 4*j«wtn, Lti 

V^il5X-Mn-X' ^cOjc^X' «\ . N e , A 
r, Kr t Xe, Be, B f C, N, Mg, Al, S 

i, P, Ti, V, Cr, Fe, Co, Ni, Cu, Z 
n f Ga, Ge, Zr, Nb, Mo, Ag, Cd, I 
r, Sn, Hf, Ta, W, Re, Au, Pb, RXfift 

ffSK, J:«?#*U<tt, mrlS^^X' (4. Ne, A 
r, Kr, X e<D?1b im&tzl-±2m£l±.<D7um-C&> 

[ 0 0 2 5 ] *fc*«WT?rt\ tftB^ftttttJSds* x - 

Mn-X' &&-?M&2tlZ>m'&. X' ©Iftfifcittta t 
0. 2-1 0c75«SISrtTfc5Ci:2) 5 $f^b<. «fc 
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[0026] $ e,tc*3BK-e#4. ^flas»«i±SAs, x 

-Mn-X' -B-^-e^^ £ *L5S-&, TC^XtMn^ 
*&fi£itC9§i]^X : Mnti. 4:6 — 6: 40<Sirttfc 

[0 0 2 7] *«wcii, mreEa&flfcttjaj&s. x-Mn 

-o A (fcfc LXfcfc. P t , Pd, I r , Rh, Ru, O 
10 s <D b *>1^"F tifr 1 S^fcli 2 @^_hc7?7C^-cfe^) t» 

*3?K X-Mn^&<OX«*&fifttf;Wta t 4 7-5 

[0028] *fc**w-cw:. ffi££&ttH£jg*^ x- 

Mn -X' (fcf;U XH\ P t , Pd, I r , R 

h, Ru, O s <D o *>V^■j*^^i&» 1 SSfett: 2n$l±<D7t 
^"Cfc*?. X' (4, Ne, Ar, Kr, Xe, Be, 
B, C, N, Mg, A 1 , Si, P, Ti, V, Cr, 
Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, N 
20 b, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, 
Re, Au, Pb, XWii^OH im*tc&2 

+ x' ©aa/sjttta t 47 — 5 i <omm)Hx$>z> 

[0 0 2 9] $ b\Z.&$&WX&^ X-Mn Xtf>& 
f&Jfc, &5VM*X-Mn -X' ^©X + X' Oj&j&Jt 

30 [0030] #3B9§-ef±, atriBRSfeattsas. x-Mn 

(/c/f tX(i, P t , Pd, I r , R h, R u, O 

HP , .X-.M.nMo X.©.»fifeJfc tt--a--t- 4-4 — 5 

[0 0 3 1 ] *fc*359l;eH\ ffJEKSftOtttSAS. X - 
Mn-X' -a*^ (itfc'LX' (4. Ne, Ar, Kr, X 

e, Be, B, C, N, Mg, Al, Si, P. Ti, 
V, Cr, Fe, Co, Ni, Cu, Zn, Ga, G 

40 e, Zr, Nb, Mo, Ag, Cd, Ir, Sn, H 

f, Ta, W, Re, Au, Pb, frXfft ±mjtM<D ? 

i m^tut 2msi±<D7zmx$>z>) xM&zti. t&w. 

S3fiaiftJ8*s»«ttJB©T»c^fi!E$4xTi3 t» , X-Mn 
-X' &&<DX + X' cD*&J&tf:f4a t 44-57 

[0 0 3 2] X-Mn^WX©«a 

fifei*:, fo^»v^^j:x -Mn -x' ^©x + x' oiiafigit 

tta t 4 6 — 5 SOttirt-cfcartiSJ: 

50 [0 0 3 3] ^JtO«fc 9 UT^^^n/c?Sf^^^^ 
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Cco^&a&Ji ^UTM$ 
[0 0 3 4] ^fc^^^-Cfi. i:Evy^^fy/<;P 

*-fe<Djffa\z.mfe-tz>5£%im&mt, m&7V—m& 

[0 0 3 6] S e>lC3|c3BMfc*5tt 5 AMRfflt 

[0 0 3 7] *36g&t?«\ R&m&mt LT, i: 
t>7C$f?X (X = Pt, Pd, Ir f Rh, Ru f O s <D 

[0 0 3 8 ] £<^#ffifl?ii£#&^#^i:-t--5 
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[ 0 0 3 9] $f . M^ittt, 

[0 0 4 0] ffHBE»«tegtt. #J;ttfX 

"Mn^ (fcfc'b, XttPt, Pd, I r , Rh, R 
u, O s O 0 *>^-ffta> 1 *Ifc<5 VMS 2 M^JiCOtc^) 

10 -c^j&£*ls 0 

[0041] *$&mxvx^ ttrisx-Mn^^oxoa^ 

[0 0 4 2 ] fifclg&lg (^MM) ICfcttSX-Mn^ 
A<OteSfl|3tt!ft«ttSoi|gafl|5ai:W:#K:. X, Mn 

Id, X-Mn^^^^^-^^cir^a^^cD^^^^irO 

[0 0 4 3] Z<D£ o lC*&WXn^ K3fi«ttJitUT 
X-MnM (XfiPt, Pd*f) ^^ffiL^c^^. 7C 

$ e>fc*3SWCW:, #^f^.5c^ (Ne^Ar^) ^t'O 

30 b<Dnmmm&$Em&&mK-rzztifivrmztii<>x}t> 

[0 0 4 4] ^fci^:^§g-C^. X-Mn^-^, ifeSVNtt 

rir CT*5 < *m"$rL^ a Mi'Ei^S ttT*jio#~ 

[0 0 4 5] ^ CO J: 5 (C N X-Mn^^ N ifeSV^ttX- 
40 Ufc<(Oli, «x.tf5fi«tt®<D {111} ^© 

x-Mn-x' -a-&<D {111} mmizw-rticm 

[0 0 4 6 ] -e^%^-C(^. ^Jx^^z^^^co { 1 
11} E^i. X -Mn^, $)5^liX-Mn-X' 

Mn-£-&, $)5V^X-Mn-X' -^^O {1 1 1} © 
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[0047] £a±cd j: ^ tc v ^mmm^m^^m t & 

£ £ 3 . X-Mn£-&. fe£VM*X-Mn - X' 

X ~M n £-& x &£VM3;X-Mn -X' k &&&m 

*"ift«fil?.<038^tt, X-Mn£-&, fc$VMiX-Mn- 
X' ^&<0|£&*3g£as, Strta^^IiJffi*»6>X, MnJH^ 

[0 0 4 8] ^^^-C(i v ffifEIgifcjE#*fr^W:, 

l^ffrlg-^cD 6 ffi<D 5 *>, {^®Z> 4 'frfcXlB-T-as £ 

[0 0 4 9] ©Una* f&#L3££ifei-c t J: B X 

as^-t-sas, ^<D&m<Dm\z±z,z>&?m&&, x-m 

n-a*^, £>£VMiX-Mn -X' ^O^NiMn^ 
[0 0 5 0] *3£^-Ctt, ffii£UfcJ:3tC X — M n & 

^^Shn (Cio(t 6 X - M n feiV^ttX-Mn- 

•6 o 

[0 0 5 1 ] KSfittteJI £ &ffi&Jf t tf>#®if i££ri#M 
^t^^^i-^ £ . iMIritr t J; 0 . X-Mn^ 
fe_S.V\tt.X.-M.n.-X / ^^.©3fe.Sr«3g.f45Fjai'J«f- 

JC.±^/^^^^^a^#^^^^^ o .y^^_X-^.M.n-^- 
& (X=Pt, Pd^) . $)5V^f±X-Mn-X' 



(X' =Ne, A r f£) (2, F e M n ^^fe-^N i M n ^ 

(Hex) #*£^Jfe£R3&«te*mi: bT@;ft,fc:^<£ 
'itX-Mn-X' ^^^r^figi-^TC^XtCP t ^riS^-T 
[0 0 5 2] £CJbf£i£b*L, X-MnM, &5VM3X 

-Mn -x 7 &&^M&tstitcnL&m&m t&m&m t 
[0 0 5 3] *3swctt. witRffiiriaa^fi^taift*^ 
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a* "TIM t ?ioTl^ fl 

[ 0 0 5 4] £fc, X^^^sy^/^/^^fcJ; 

am. fcsvMs AMR^^-^es^^^^j^^^^coaft; 



* ft £ — ^ <£> J? JrJ t £ 49 x 5 



[0 0 5 5] 

e)^fc®f®ia*cfes 0 ^^3, h i -e^x^ifijtcMt^-s^ 

[0 0 5 6 ] @ 1 hT\cm&£1rhX^Z><DteT a 
r<OTIl6 0it:7 3-IttIK ^e^&^m 

30 [0 0 5 7] £/cia 1 tc^-T ct 9 t-x T«S6i>e>ftI 
8, 8^@^$ixTV%-5o 



m^^3^^ NiFe^l CoFe-^^, C o 

Co. C o N i F e 'o'^ ^ tCt ?^J5£ ^ it T V ^ ^ 0 & 

*3® 1 p y — i w:— ^"c^^^^xr 

^IB7 y —64^^ 1 jfts^. ^Jx.fi N i F e t C o F e 

e ^^<t c o t i>mm z fttzmmx hx^o 
[0059] ^127 y -mam 1 1 ©^m^^ 3 t <om 

h - ^&^C o - C r - P t (=i-k/u h 

8, 8tt. Cu (m) >^^7=" V) . C r 

[0060] wifem&m 3 <D±\cm&&th 

50 TV^^Mtti 4 'Pt£<ki>7tmx (^cfc'LX 
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te, Pt, Pd, Ir, Rh, Ru, Os(0 5t)V^fn 
[0 0 6 1 ] **WCtt, 13 1 3 tS 

*fc#*ffite:fcttsii&eEftflms4©^/jr< 1 t>— sbo 

[0062] ::t?, LI oMOffi^jE^ftt-^-fctt. ¥ 
#&^CQ 6 m<0 o *>, {Kf®t7>4 ©Off -L^X^ (X = 
Pt, Pd, Ir, Rh, R u , Os) j6S£«>, JIMfcft 

[0 0 6 3 ] *fc*#BliXW\ @3tattJ13 tK3ft«tt 

s 4 £ ©jg&aain]3&sj*ft-DTv*s c mfe&&m3 

[ 0 0 6 4] is i fc^i-^ Vi/zu^^^ai^KcsR^-e 
tt. Ta^Tll6^t^T$)6^t, flfrlHTifiJI 6 <E> 

^^M3W {111} Kffifc:*tUT¥fTJfc 

[0 0 6 5] ^*uc*j-u mmm7£mmm3<D±\zi&& 
^ti6^3iaM4o {iii} ffiae@£&&ji 

3^1111} SoeftSfcUfc^X/J^ V**v 

^EiRitJteorv^So o*9 % 0 1 fci5*-t-H^«attJg 3 

[0 0 6 6 ] **Wefl3»«!!3gfflr©a!|g36»5», g^^te 

Ji 3 tR&m&m* k^nmrnm^^^-B-^mk itv^ 
^^■^ii^fcairx %&mm&m,x^^ m&gi&m&m 

[0 0 6 7] *389iXtt:. jg 4 fi , X — M 

n£-& (tfc'tXIi, Pt, Pd, Ir, Rh, Ru, 
O s <D o to^-ftl^ 1 fffi*fcttt 2 5ffi£*±<D7c3?X&£) 
«$llT^5, firfclsWBWXtt, fttfE^&i&te/g 4 
#P t Mn^ldi 9 7^/££ixXV^ ~ k&&& tv> 6 
X-Mn^l P t M n-^&tts t£3fej&» fcESftSSi* 

fcS5<, $ ^l^&H^&fiS^ (Hex) js*:^*^ 
[ 0 0 6 8 ] *5§91Xf:±, Hfifa&3£fim;g4 *sp t Mn 
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S£teJi 4 <Dte^^$c a , c Wit c/ali, 0. 9 3- 
0. 9 9 <n1&fflfaX&Z>^ t&tft* UV^ 0 1&^3£3&a, 
c(Oftc/aiS0. 9 3!^Ti:^5h ffifBKSfHKttJg 

Witftits litrffi^j£fl££li/f 3 ££:^8£teJi4 

fe^F-^&a, c cott: c /a 2* 0 . 9 9 fiJliifcjfe £> t „ fft 
10 ISS^attS 4 OJKr Jiffl3ic<OI5fS^TiS^«fliJI& J f- k t£ 

j-x38^-r5SE*n*ffia*As,jx$ < /iotui« 

[0 0 6 9] £ w-5XStf^S^a^^4^s > x-Mn^ 
& (fcfc'-tXtt, Pt, Pd, Ir, Rh, Ru, Os 

jEfc^fLSS^ f^^afltto©pg^*3v>x. s^^tt^3 

20 tertlcKjfeLXv^. 

[0 0 7 0] fittia&&tt<f£Jg 4 ^ s X-Mn^ (fcfc: 
tXfi, Pt, Pd, Ir, Rh, Ru, Os©HV^ 

l tc^i-j: 5lcl«&&ffit£JS4jfts@;&»ttJS 

3 <7>JLK:7£fifc£;h,oS£-. X-Mn^(Dx^X«M 
Jtttat%"C. 4 7-5 7©(5irt-Cfc5it^t 

t %X. 5 0 — 56 c0^1SP^"Cfc-5o 

[0 0 7 1 ] Ji3^ Ufc|i^tt;rtXK3fi«ttS 4 ^r^fife-r 

■ - - ■Boffi-at-Sr-^S^-ffi-lc-fito-r- ^X^-^ o 

[0072] z<D&mx&mm&ife~tk , ftriH^^m^ 

HH^Lfc «t 3 t-X-Mn-^^fOTC^X^m^JtcOiia 
fiJcit^ a t%X. 47 — 57 <D$fcm\h~?$? Z> k, 4 0 0 
(Oe : ^Xfy K) £l±<D&&g i Jj&&ft$:'&Z> ~ 
40 t^^TfgXfc<5o ^fcX-M n-^^cDjc^XcDiia^ifcli 
a t %X. 5 0- 5 6©tIrt*Cfc5t, 6 0 0 (O 

[0 0 7 3 ] roj: 3 •csfcSBWXtt. K5SBS^^ 4i:t 
TX-Mn^OTtfci^ 7c5£X(0*af£i*:£±i£ 

IBS5S^^^4 i:®^^^^ 3 k <Dftffimm&ftm<&#; 
il-^oCH^ietfc5 0 ^fc^C^^Xti. X-Mn 
^3jc^t tTSiX' Sr^^n-rs C k tc«t 

•J, S^m^^4cD^^^:Sfi:$r^:# < -c^ v ^^mth\c 

so *sit5Ea«tt®4 t 3 k <D^mmm*w& 
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[0 0 7 4] X-Mn^CxIX' $:JPt/cX-Mn 
-X' TciXtMn k-Cffif££*lZ>Qm&^'<D 

7c3?XJ4P t "Cfe^ ^ t Ui^. 
■ [0 0 7 5 ] irr^-e^SS^-Cteiftiax-Mn-X 7 

lWIBX-Mn-X' ■■&^tt*^«4fe«8"Cfi8jR$n, 
f£$l£*lfcX-Mn -X' £*£rfi. J&fOjcsfcX' jftS % 

[0 0 7 6 ] *fc*»M-CW:, tc^X' £ IXl* 

V-^O (SI&) ^S:flt5i:s ^ ix^^ M n t <D^m 

T*< bit*?* U< fcv^ ^^^tc*5(j--5^ 

##Jfc5n^X' t4 N Ne, Ar, Kr, Xe, Be, 
B, C, N, Mg, Al t Si, P, Ti, V, Cr, 
F e , Co, N i , Cu, Z n , Ga, Ge, Z r , N 
b, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, 
Re, Au, Pb, %LZ$%r±myz^ (S c, Y t 

(La, Ce, Pr, Nd, Pm, S m, Eu, 
Gd, Tb,.Dy, Ho, E r , Tm, Yb, L u ) ) 

[0 0 7 7] _k!2^7?c LfcSI* te^cmx' <D^Ttl&&. 

M'tf t>r o r / saiiKks 4 <^^^^^ 

< S*s. flMcajfts-eHisrsscaix' £rl£ 

54&'&«:. S^IBtc^X' Ol^Jti^ §■ < 5 

[ 0 0 7 8 ] flrfcaMSM-Ctt. gAl-Ci^L^ 
tf*<D$;JJ*7t& (Ne, Ar, Kr, XeOHli 
*fcli2«£Jl±) Sttc^X' tLTMtSrii^^ 

[0 0 7 9 ] 5ci£X' *^c07gS?£{££! U£: 
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[ 0 0 8 0] Jfei3*3BWCf4 % tgI&X' ©*a/ifcjt©«&ffl 

a t %-CO . 2 *»e> 1 0 -efe 9 * J; 0 U < tt. at 
0. 5^f>5Tfe5 0 *ti^<Dk%. TcmXkM 
10 nt CDiafifeJtOftl^X :Mnli, 4:6 — 6:4 (DfaM 

iMn £ <£>*&/£JfceDfiJ^X : Mn -bE<6Hl*3"CSBSS 

-r^t*. &m&m m&mm icfctts spates 4© 

S3£fl£&/I4 £@^^£fcjf 3 t <0|il-e^4t5^ 

[0 0 8 1 ] $ b(C2fc^^-C(4 % X-Mn-X' 
(fcfcfUXtt, Pt, Pd, Ir, Rh, Ru, O s <D 

20 5^i"ft*»l«Ti^tt2»#±0>7G3S"Cfc?K X' 
(4, Ne, Ar, Kr, Xe, Be, B, C, N,M 
g, A 1 , Si, P, Ti, V, Cr f Fe, Co, N 
i. Cu, Zn, Ga, Ge, Zr, Nb, Mo, A 
g, Cd, Ir, Sn, Hf, Ta, W, Re, Au, 

®5e«i4Ji3©±fc^£i*ih,ej&<£^ MISX-Mn 
-X' ^OX + X' ©IftfifeJtW: a t 4 7 — 57 

30 Mn-X' ^X + X' <D^fig)t*4a t %"C % 50- 

5 6 <D&ffift-X?&Z> 0 

[0082] mmmzm-t - t ^j:.oTKafiatffiJB-4 t 
J^®@ ^ m&m 3 .©jtt^t; «: e_i ^ .i= y ^ .iRi.jc#«a.|g: 

6 X -M n - X' &&<n7tmx' &Mx.t£tfxm<OTum 

x' asK*a»e>&ttffl-c\ ^£^^i^^©^^?co5c^x , 
fc7 y — att® i f±. ^o^da^^fig^HTv^xN— k 

[ 0 0 8 3 3 @ 1 ic^i-v'^^/wx t* v^/u^Si^^^ 
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^fki-^o rco^#, e^m^As. &m&u*um2tm 

[0 0 8 4] H2(i, ^^0^2^MOv^y^;u 

tt* Bl 1 fc^-f-RSSUKttS 4 t mcmz, X-Mn£-& 
(fc/cUXfi. Pt, Pd, I r, Rh, R Ui O s <D 

UX' «\ Ne, Ar, K r , Xe, Be, B, C, 

N, Mg, Al, Si, P, Ti, V, C r , F e, C 

o, Ni, C u , Z n , G a , Ge, Z r , N b , M 

o , A g , Cd, Ir, Sn, Hf, T a , W, Re, 

au, p b . &z£%>±m7v;m<D o i m*tz& 2msi± 
3, #ft&;g€/i2* *jj:t^7 y — m&m i w\ bit? 

[0 0 8 5 ] - co^Ss^Kc^^T fc x @^MI3^ 
*fc#Kf-:fctt5ffihER&ffi&Jg4<0^jfc< — gco 

[0 0 8 6 ] S/cT a OTil 6 ©JilJiJgfifc Sixfeffiia 
SSHtttt^O {111} ffid, #®tc^fr^^[ol(cSS 
3fcffifai-Sj&s, @ 2 (c^-r J: 5 fc. l!frS2R3&m£/8 4 o 

{1 1 1 J^BpOl^^i^KiSti-jSffii^Sfi. _jffiSB2?3ftfi?_. 

[008 7] ird^T, SMM43)SX-Mn^ 
(fciEUXtt, Pt, Pd, Ir, Rh, Ru, O s <0 
5*»^^i"*L*»l«*fcrt:2aH2Jl±<D5c3R-Cfc5) TJBfifc 

*tt, m 2 tc^-r j: 5 (c s s^a«jg4^s£«i±jgr3 

n^O^X^)Mifc|jt a t %-e, 4 4- 5 70?©ffl 

rt-efcsc: w<o$SKi*j-c;fc^tf. 400 

(Oe) tasprt6-e*> 
6o «fc9#*L<ttX-Mn£-&©7cSX^»j5£Jfctta 
t%T, 4 6 — 5 5 ^SSS^-C3b5 0 r. cd^Sf*) "Cfoft 
tf. 6 0 0 (Oe) J^Jbo^^^^tea^^r^e £ t # 
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[ 0 0 8 8] C6Q<fc o tc±^L^*a^$E(SF^-cfe^ tjjj 

lfts*ttflt*sr*$ < +5 - tas-e^ s^fi^ i^au 
fc*m*ESftifcte®4©fe^jfeas (^amin&^o @ 

#3iWlBK&»M±® 4 <DsJ>fc< 4: t> — SSflOfifSfflFJiS:. 

[ 0 0 8 9] *fcBtlBRgftattJg4 as, X-Mn-X' 
^ (fcfc*LX' Ne, Ar, Kr, Xe, Be, 

B, C, N, Mg, Al, Si, P, Ti, V, Cr f 
Fe, Co, Ni, Cu, Zn, Ga f Ge, Zr, N 
b, Mo, Ag, Cd, I r, Sn, Hf, Ta, W, 
Re, Au, Pb, m±ijc^niitfctt2 

m$i±<D7tm-?ibz>) •?mm$tiz>i%* r ^ ttriax-Mn 

-X' £-&fi N ^^^^feiaot^^^i, 5n^X£ 
[0 0 9 0] ytmx' ^1^(1^5^1414© 

*5tt5s:^a^^4 tmfemmm3 t<o^mmm^w^ 

[0 0 9 1 ] 4**«WCtt, i^^^^^^X' CO 

at %i? > 0. 2 — 1 0 (D^imft t «t 9 
30 LV^^fife^ig^ a t 0. 5 — Sco^a^iU 

tC x TC^XirMn t<Dffl.f£it<Dm&X : Mn^ t 4 : 6 

-6 : 4co®siSF , gi:i-ixf^ N j: t> ± # ^ 

■— 

[0 0 9 2] m 2 \C^-t£ o (r. X - 

Mn-X' ^-r^$^fcS3a«ttS4)6SHSJKtt/B 
3^TM(C^^^ii6^^, X -Mn - X' ^05X + 
X' co^^Sciiti. a t %-C N 4 4 — 5 7 
iir^ffSLK J; L< liX-Mn -X' &-&(D 

40 X + X 7 OtajsJcttfi a t 4 6 — 5 5 cO$SISl*9 "C$> 

[0 0 9 3] m 2 fc^-rSJgKtt® 3 cofl£-fbl^ % 

[0094] m 2 ^^-rj: 9 id, ^ y — i cojiic 

& 2**f~ >\/s<s( T 9 fi» X-Mn-^^ (fcfcUX 
tt, Pt, Pd, Ir, Rh, Ru, OsCOp^^^-TiX 
50 j6» 1 ffiittzte 2^^±^7c^r$>-6) , L-< fiP t 
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Ne f A r , K r , Xe, Be, B, C, N, M g , A 
1, Si, P, Ti, V, Cr, Fe, Co, Ni, C 
u, Zn, G a , Ge, Zr, Nb, Mo, Ag, C 
d, Ir, S n , Hf , T a , W, Re, Au, P b . 

[0 0 9 5] X - Mn ^^(Dtc^Xco^/^M:^ a t % 
•Cs 4 7 — 5 7 ©tfifflrt fc steoXV^S. <fct>#£L<fi 
X - Mn -£-&<D7cmX<Dffl.f&ttte a t 50-56 

S&«4£JS4©*afifc«SHfc|!3C-C&S. ^fcX-Mn- 
X' ■&&<DWi'gr, tg^X' (Dfaffcittea t%-e. 0. 2 
- 1 0 CD^SP^-C& 9 * <fc 9 £F£ Ul^*&j£«SHtt a t % 
-C, 0. 5 — 5 C0^®(^XfoS o ^fcTC^X fcMn 
*a^it<D^J^X : Mn tt % 4:6 — 6:4 (D&Hft-Cfc 
£ :: <h L^ Q X-Mn-X' X + 

X' (Dmj£tt& a t 4 7- 5 70telrtt3itoX 

^5:t^ff*K, J: 9 ^ L < liX-Mn-X' ^ 
&<£>X + X' fi a t %T. 50 — 56 O^ffift 

Jg 1 tx^7fxy^V7^1 9 £ O#3o#iigl2#^ 
fcjfe!K i: t>#3aKT4 0 0 (Oe) £X_L 

9 t£ s HfTfa^^ ^^~=l. zs*Js<4 T 9 , 9 f3\ h7y 

[0 0 9 7] ^oi^i-tT^^tifc^y^^fy 
7 y — fi»teJB_i <o h 7 ^ ^jffiT_wjH*©«-fk#ia^.x.^r_ 

[0 0 9 8] la 3 ti. &&w<Dm 3 $$i&i&m<D7 ~ r * 

(c^-r^-T J: 5 tc, Td*e>Tfl&JS6 , £3fiffittJS4* @ 
^8S4£/g3. HMKttSiciBJi 2 * *iJ:^7!l-»ttIi^ 

iffiiffiUTfi5JS$tt-ci^«. $ ?>tcgifia7 y — Amu i <z> 

4, *JJ:t/«g8® 7iSififiSUXaili$^TV^5. 
^7^@5, 5, ^m^8, 8i>mmt!tiX^Z 0 
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[ 0 0 9 9] ms tc^-r J: 5 7 y — w£J5 un 

3?X<E>£&f£ifcf;i a t %T. 4 4 — 5 7 <£> IS ft "C -5 CI 
£dS#*L<. £ L< HX-Mn^(^x^X« 

#.&EfcJfcti: a t 4 6 - 5 50®i[^-C^5 0 

[0100] Sfc, 7 U lit? i> JifflBfc^d 

*LT^SK3filKt£g4tt* 3 ©±t;:j#fife$*T, 

10 TV^O-C, ® 1 fc^-rS3fi«tf:Ji4 fc I^C^iC, ffiffi 
£:3&fl£l£Ji4 X - Mn^&<& 5c sfcX 

tta t%T, 4 7 — 5 7 (OtSfflrt-CfcSi tas/^S U 
<h <fc U< tiX-Mn^^0 7C^X<Djmj^ittta 

t%t?, 5 o - 5 6 <Dmmft-e$>z 0 
[oioi] zwm&mm ft m&kmm\c&v 
zmi&m&m 3 <©#h=- t £&w£/g 4 t 

^r^-Tr tici t) , IP-ffi-C<ofiSEK3a»»ttJg4<o— 

^rERSafi8ttS4asp t Mn^tM^a^, % 
^S^tC^it ^ttffaS?S^^® 4 <D&^-M& a t c <Olt 
cXan. 0. 9 3 — 0. 9 9 © «£ BB ft T? *> S w tjftS^f 

[oi02] jbS6ufciaj«$SHrt"e^«r. tt4 

0 0 (O e) ^±03t^^^^^#$r^Sd Br|g-c 

30 K3iHKttS4€:@^fiSffiJi 3 0T*c^^-r5*- 

i3£Kttl3 0±[:jgiStSJ:n, X-Mn^^ 

[.o_i. 0 3 ]. .*.fc-R3ftaattt-/B 4 &-x — M-n - x'- -a-^r-e- 

0- 2- 1 O<O0SHF^-Cfo 5 , J: *) Uv>jfea^®[S«: 
a t%T. 0. 5-5»il^T'fc5 0 Sfc^^X t M 
n (^Mfi5citcO#J^X : Mn (i. 4 : 6 — 6 : 4 

40 [0104] $ e>ic7 y— atttjg 1 j: 9 t>Tfla»c?gfig$ 

tSX-Mn-X' -^^COX + X' <Dffi.f&tttZ<L t% 

4 4- 5 7©|5irt-C*>SCi:^ffiL<, X *) & 
^ L<l±X-Mn-X' ^OX + X' Oj&EfcJfclia t 
4 6 - 5 5«^S(^-C3bSo 

[0105] ^ y a? i>±w\z : mj£& 
nt^«fisi«tt]B4os^ ^fsK^a^^ 4 ^^i^ 

t5X-Mn-X' ^OX + X' Oi&Efcifcfi a t% 
50 & L< fSX-Mn -X' ^WX + X' ^*afifelt*ia t 
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%-C. 5 0— 5 6 <DfSGlF*3-Cfe£ 0 
[0106] ±IBifeafi£^BiP^-CfetLf^, «ftftiaff!f(c*3*t 

[0 10 71 /j; jo ^ ^ 7;px f y/<;i/^li^f^ 

[0108] mmm 8 a>e> 7 y — 1 , ^sm^m 
/s i <0«fc*fc«:ia^x:frfiia»e> Y^faic^s&L* t 

[0109] Jfci3 s @ 1 *j £t*0 2 IOffi/>//M tf 
Sre^i-SSfAS, *«ttMS 2 t 7 y ^Ittg 1 t © 

m&mmm 2 y — m&m 1 t <d 2 <o#© £ „ # 

[0 1 lJ)]^4tt v 2^3gJK0SB4gife^flg©AM.R.S. 

TA»e>lfc«ttS (SALi) 10, (SHUN 
Tfi) 11, teZTfrn^teVim (MR!) 
Tfflg^^T^S. WittfflriaWKttJS 1 0f4, F e — 
N i -N b 1 1 li, T a fl££h£&JS 

12tt, N i F e-d-^fcJ: ij^riG$*t-CV^5 0 
[0111] Jftf5G££C*g£i;Ji 1 20_b(Ctt. ^7^IS 

*m {K&m&m) 9. 9^sfi, ffrfs^ 
jgfifeStLfcM® 1 3, 1 3 a* jgfig 3*1,-0^3. 

[0 112] 0 4 (C^^m^ ^^-^>v?y<^T^^9, 
9 fl, SI 2 ir/Tfx^^f x yi?/^7^^ 9 f '9 £ H 
«IC X-Mn-^& v #£U<ttP t Mn£*&-C7^/££ 

4 7 - 5 7««Hrti:4ot^5. <fc *> £f £ U < tt: X - 
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Mn^^cOTn^Xc^^afiScj^ti a t 5 0 - 5 6(0® 

[0 113] mfiS^^ J*^-^ >v^"W TXj§ 9 f 9 
tt. X-Mn-X' (fcfc'LX' (3. Ne, Ar, 

K r , Xe, Be, B, C, N, M g , A 1 , Si, 
P. Ti, V, C r , Fe, Co, Ni, Cu f Z n , 
Ga, Ge, Zr, Nb, Mo, Ag, Cd, I r , S 
n, Hf, Ta, W, Re, Au, Pb, 3tW&±«5c 

10 T*5 9 v tc^X' (0*&/£J*:«U a t 0 . 2-10 

0. 5 — 5 <D%imft~?jbZ a ^tcjtmX tMn t 
itcDfiJ-a-X : Mn tt % 4:6 — 6:4 <£>$5fflF*3~C<fo<5 C 
t4 s ^*UV^ ^^®4iC^-r^^X^cc>'vf^^rx 
^9, 9fc£ % 02C^fi^^f x >-v^/<^ 7^19, 
9 t mmiC^ X-Mn-X 7 ^WX + X' co^^itii 
a t 4 7 — 5 7 <Dmmftkf£oT\,^Z> a X *) £f ^ 

t<fiX-Mn-X / ^^^>X + X' «>iiaricJtrtta t% 

20 [0 11 4] a±X-Mn^fe5V^^±X-Mn-X' 

^fxv^rxigg, 9 tm^&mm i 2 

i F e -a^cD&^C^Jrt/i 1 2 CO^^^S 200 — 300^- 
b a — A(7>^^^ x itTlB#®tCT^4 0 — 110 
(Oe) ©3!ife^*14ffiJ^as^t > i X> 4:»?fc*t. NiF 

-^(O^-^lZ ^ N ^160 — 110 (Oe) (D^MM^^^ 

isa^csiK/i 1 2 c3A^«^>as-fbasH^x*i«ofc«ir*.?> 

^ffifeL^ 1 2^>A^*gctw^|^<-r TX^^^Y^rnKC^-x 
^ix^o X^[^t:WEft$tifc^^Ii 2^)AM 

SlS 1 2 OA^^<^e£#^Yklr5t-r-5S^t^{t; (e$^^ 
Y^fS](c^ix^ 2 &5^x.ibn-6 <t. 1^11 20A 

So 

[0115] Wi^^Ufc J; 5 ^^^Ttt. 

4 ($)5VMj:x^7fxyv?/W7^^9) ^X- 
Mn^^ (yt?t*UX«, P t , P d , I r , R h , R 
u, O s © 9 *>V^"f 1 a*fcf* 2ffl£JUh07c5R"C& 

50 ^3£®£fe/g4,fc, COMti4tgltM^5 
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mfem&mz (fcsw*:? y — m&m 1 ^t^nm^m^. 

112) ir<DMi^^«^ii:t5-H^#, 

$:%^Xi:MnM(:, IS 3 ytm t LT X 9 (fc*: 
IX' tt. Ne, Ar, Kr, Xe, Be, B, C, 
N, Mg, A 1 , Si, P, T i , V, C r , F e, C 
o , Ni, Cu, Z n , G a , Ge, Z r , Nb, M 
o , A g , Cd, I r , Sn, Hf, T a , W, Re, 
Au, Pb. &TJ t $r±Mjtm<D o 1 SSfctt 2 @^Jb 
OT^TifcS) SrSSin-f-S ^ £ ic«t 5 , MIEtc^X' £ 

7 1 SfcttSMtJg&JB 1 2) £<£>#®4f ig&r 

3 ir^fPalSft^M&s J; 5l:UTj3< c J; 9 # 
[0116] *fcl?-ffifliafi«:^S^t&i: UT*5< C i 

i-c tic <t d , taiBK»ratt«4<0*£i^ai&;F&flate 

4 3&s P t Mn ^t«$^5I^ iKM&SSUcfcttS 

m&BL&m&m 4 oflH^j&a , c ©jtc/att, 0. 

9 3 — 0- 9 9 <£>&ISF^-C&><5 ^1 £2S#£ (*>fc-fc. 

tc-r-<TcD^^^i5t^^(j^^ ( c^^L.^^^. filiate 

[0117] **s, *«wett, asceftS&^Sf^JS© 
"«3fi"«:ia"i -0 4 (c^-r«^]£ffi^r5 ■ i^TrttJtev^ 

^-K^r^i5, 5 SrTBjfcufcv^ 7!/- 
[0118I bis ii. hi i»e.H4 t^-ra^jsfiisai* 

N i F e ^^^^-C^fig$HfcT^->—^ KJg-Cfc 0 . 
:«TS5^»^ KJg 2 0 tO±tdT^^^ y 2 1 *sj^ 
fi£$ixTV>5 0 SfcTSS^* y^Tg 2 1 ©_L(C«:, mi 
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^ts/7*i2 3^m^*i, ifrffiiftjap^ y^® 2 3 o 

■ -Lfctt. N i F e^&fc£^/£$jh,fc_b$Cv'-- ^KS 
2 4 $*i,TV^S. 

[0 119] ffiffiTSB** y -fM 2 l&UJJh&S^-r y^ 
Ji 2 3 «\ 0yxlf S i O 2^A1 203 (7/^^) /j:^ 

Tfi5=¥-V y^"J12 1 ^e>±fl»A s -r y^S 2 

10 $ VMS £ifi5K»fl&a^fc 5t)0^,Cotl^ 0 
[0120] 

S : T a (10 0) /mfem&m : N i F e (3 0 0) 
/S^ttti : P t M n (3 0 0) /T a (10 0) 

20 Jfi$)&V^ie-C, Xit&lHl^fO 0 /2 e J: t) „ Pti 

[0121] 06 tr^-f-J: 5 tc s p t ftasjgAn-rSfco 
Ht, (P tMn) Oft^-^jftdS^^ < fco 

e CoFe^&. * fcfiC o (D^^-^fi, @ 

p tc, 3 . 5 — 3. 6 (DtfcfflX'&Zo 
[0122] S3ft«i±/SSr@^«ttS©T. fe5 

ft (S^«£14^$r^^;i--5-7c^) ^5^^^^r^^#i: 

[0 12 3] R3ft»ttSas, @S«tee©Tfc:?gj£$;h, 
T^SJRfflFrifct T3&»e».S.i SS/Tvk^. *f~S-T 

MM : T a (50) /^^^^^ : P t M n (3 0 0) 
/^SSttil : C o 90F e 10 (3 0) /VkmM : T a 

(10 0) oUS-easSU. fl&lSR3ifiai4Sds, 
S<o±(cjgfig$ixTi^SK«J«t ttttT^b, Sil 
*E/T/P5^/T a (50) /MttI:Co 90 F 

40 10 ( 3 0 ) /&3&sm/§ 000) /&mm r a ( 1 

[0 12 4] ^/cl^^SIXIi{C*3lt 5*W= t LTIi, $ 

5X10 " 6 T o r r £IT b 
[0125] B7 tC^-T J: 5 S^flS^^ ( P t M n 

fc^^-^-^tC, PttiSifiSOa t%4"C*#<J!t5lc 
50 Ufc^oT. 3£JfeJ*3M4fitt#ttie; < TV^t . Pti 
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^soa t %&±\zt£z> \z 

[0126] 400 (Oe) £l±.<D&Wkg;j>i±m%-&'& 
Slctt, (Pt'Mn) £@£8£&Ji<£>T{S!]l;: 

Jgfifc Lfc3&-a\ Pti^4 4- 5 7 a t°/o©«Ei^-C, 

fr&m&m (ptMn) &mj£m&m<D-tm\zi&f&istz 

m-S*. P t f ^ 4 7 - 5 7 a t %^@i^"CH4lI^i 
[0127] *f:6 0 0 (Oe) EA±0>3£ft*2M4ia# 

s^sica, Bi&m&m (p tMn) ^s^gs^^cdt 

Lfctfi-g*. P tf5:4 6-5 5 a t%(DfSIi^ 
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■c. ^^esteJi (p t Mn)' &mfem&mv>±m\zj&& 

UTc^'S*. P t ffi£: 5 0 ~ 5 6 a t %<Dfamft-VM&\Z 

[0 12 8] ^ItD^^f^P,, KS&B&teJI (P t M 
n) <nmf£tt$:mmzW%ffiL,tz^M&\b LT4iiO# 

[0129] 
10 [mi] 
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<D^mm^\±. 2o<dcu mm&mnm) oRgtc. c 

o-Fe. N i F e N iSit^C o - F e ^ ixT 

10131] «1 tc^-T £ 5 £|J£#J CD~@£-CO^ 
SBST!*. PtMn tCoFe (g^^ 

xn roj t^oTv^s^d^L, ©o#^^-c 

[0132] £ r^^^^a#j &£t* rs^c 
^te^j o^^st, ®-~®&x<D&mmx 

[0 1 3 3] ^icDH^^^fi, p tMn^WMit 

P t MnOP t ftte4 4 a t %~?£> Z> <D MMM 
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